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PRELIMINARY   NOTK. 

I  »uring  the  last  days  of  the  assemblinj?  of  the  material  for  this  volume 
and  while  the  volume  itself  was  in  press,  the  Soi'ietary  of  the  Academy 
was  partially  incapacitated  by  sickness.  An  abstract  of  the  meeting  of 
1891  has  therefore  been  omitted.  It  is  expected  that  such  abstracts  will 
appear  in  subseciuent  volumes.  The  bibliography  of  papers  is  necessa- 
rily incomplete,  but  all  information  which  the  editors  could  secure  has 
been  inserteil.  In  the  selection  of  papers  to  be  presented  in  full,  prefer- 
ence has  been  given  to  those  of  permanent  local  value.  <  )n  the  second 
page  of  the  cover  under  the  title  "  Patrons,'*  are  given  the  names  of  the 
individuals  and  business  firms  who  have  contributed  inateriallv  towards 
the  expenses  of  thi.s  publication.  To  these  patrons  of  science  we  hereby 
tender  our  grateful  acknowledgments. 

When  the  editors  were  selected,  it  was  agreed  that  they  siiould  be  at 
liberty  to  call  in  other  members  of  the  Academy,  specialists  in  depart- 
ments not  represented  on  the  statl'.  Accordingly  W.  A.  Noyes  was  chosen 
assistant  editor  in  chemistry,  Vernon  F.  ^larsters  in  geology,  A.  W.  But- 
ler in  archtoology  and  ornithology,  F.  M.  Webster  in  entomology,  and 
Carl  II.  Eigenmann  in  ichthyology.  The  editors  wish  herewith  to  make 
proper  recognition  of  the  valuable  ser\'ices  rendered  by  these  gentlemen 
in  the  preparation  of  the  present  volume,  which  is  the  iirst  systematic 
attempt  to  preserve  some  account  of  the  work  done  by  tiie  Indiana 
Academy  of  Science  and  to  make  it  available  as  a  connected  whole  to  the 

members  and  to  the  friends  of  science. 
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FIELD  MEETINGS. 

It  was  fitting  that  the  first  "Field  Meeting"  of  the  Indiana  Academy  of 
Science  should  be  held  at  Brookville.  There  the  idea  of  such  an  organ- 
ization originated.  There  the  steps  were  taken,  tlirough  the  Brookville 
>^*iety  of  Natural  History,  by  which  the  scientific  investigators  of  the 
state  were  brought  together  at  Indianapolis,  December  29th,  1885,  to 
adopt  articles  of  association  and  efi*ect  an  organization. 

This  first  Field  Meeting  began  Thursday  evening,  May  20th,  1886.  The 
Academy  was  welcomed  by  Mr.  I).  W.  McKee,  President  of  the  l>rookville 
Society  of  Natural  History.  J'resident  D.  S.  Jordan  responded  to  his  greet- 
ings. Dr.  John  O.  Bran ner  delivered  an  address  on  **The  relations  now 
existing  between  geologists  and  the  people.'*  The  next  day  wan  devote<i 
to  visiting  the  localities  of  interest  to  the  persons  attending.  Luncheon 
was  served  at  "Templeton's  ford,'*  on  the  east  fork  of  White  Water  river, 
In  the  <leep,  clear  water  of  the  pool  above  the  ford  the  baptism  took  place 
and  the  firpt  "Field  Meeting"  was  declared  by  the  president  to  be  a  success. 
Recolle<-tion8  of  that  day — the  first  of  united  scientific  work  in  Indiana, 
a  meeting  more  successful  by  far  than  had  been  dreamed  of,  and  yet 
which  bespoke  the  fuller  fruition  to  which  the  child  of  our  minds  should 
come  in  later  vears  — can  never  be  efi'aced. 

» 

At  night  a  jmblic  meeting  was  held  in  the  Town  Hall.  Dr.  Jordan 
delivered  an  address  on  "Charles  Darwin.'*  He  also  told  "How  to  go 
fishing."  Dr.  Bnmner  gave  an  account  of  methods  of  coral  fishing.  Dr. 
P.  S.  Baker  spoke  of  recent  progress  in  Toxicology.  The  number  of  per- 
sons attending  that  meeting,  and  strange  so  say,  several  others,  was  thirty- 
three. 

The  second  "  Field  Meeting"  of  the  Academy  began  its  session  at  Wave- 
land,  Ind.,  May  19th,  1887.  The  meeting  that  evening  was  informal  — 
thoroughly  so.  The  recollections  of  it  will  remain  with  those  who  partic- 
ipated, and  it  would  hardly  be  just  to  attempt  to  give  an  account  of  the 
proceedings  for  the  benefit  of  others. 

The  following  morning  the  members  were  driven  to  "Shades  of  Death." 
a  delightful  spot  adja<'ent  to  Sugar  creek.  There  the  day  was  spent 
and  luncheon  served.  Every  one  had  heard  of  this  beautiful  spot,  shaded, 
well  watered,  with  its  <'ailons,  the  cliffs  of  which  were  topped  with  pine 
and  hemlock,  and  the  walls  draped  with  ferns  and  bedecked  with  mosses ; 
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its  '*  buzzard's  roost ;"  its  lack  of  snakes,  its  peaceful  delLs  and  shady  k1<?W8 
-of  all  of  which  "the  half  has  not  been  told.'' 

At  night  a  public  meeting  was  held  at  the  M.  K.  church  in  Waveland, 
when  Dr.  T.  C.  Mendenhall  delivered  an  address  upon  "  Weather  Pre- 
dictions." An  informal  discussion  of  the  natural  features  of  the  region 
visited  was  held.  C\  K.  Barnes,  .1.  M.  Coulter,  W.  S.  Blatchley  and  Stiinley 
(.'oult^r  spoke  of  its  botanical  interest,  ().  I*.  Jenkins  of  the  tishes,  B.  W. 
Kvermann  of  the  birds,  A.  W.  Butler  of  the  reptiles  and  amphibians,  T.  C. 
Mendenhall  of  the  southern  limit  of  the  whit<*  pine.  P.  S.  Maker  and  W. 
W.  Byers  of  the  geolo^^y. 

The  following  day  the  members  were  taken  to  "  I'ine  Hills,*'  in  the 
valley  of  Indian  creek,  about  a  mile  above  the  locality  of  the  preceding 
day's  explorations.  The  features  of  the  country  we're  somewhat  dift*erent 
from  those  noticed  the  day  before.  A  j)lea8ant  day  was  spent  and  lunch- 
eon was  served  at  the  club  house.  At  this  meeting  also  there  were  thirty- 
three  persons. 

The  third  "  Field  Meeting"  was  begun  at  Paoli,  Orange  county,  May  2, 
18SH.    The  meeting  was  held  in  the  public  hall  and  was  presided  over  by 
Vice  President  ().  1*.  I  lav. 
Prof.  James  K.  Humphrey  delivered  an  address  entitled  '*  Asa  Uray." 
Prof.  J.  M.  Coulter  gave  a  lecture  on  '*The  Yellowstone  Park." 
The  day  following  the  persons  present,  thirty-three  in  number,  drove 
to  Wyandotte  cave,  in  Crawford  county,  going,  in  the  way  they  traveled, 
about  forty  miles.    The  evening  and  the  early  part  of  the  night  was  spent 
exploring  the  cave.     The  next  day  the  party  returned  to  Paoli,  stopping 
at  Marengo  cave.     The  journey  was  a  hard  one,  but  it  ha<l  its  pleasures 
and  they  were  noteworthy.     All  will  remember  that  meeting,  some,  in 
some  respects,  unpleasantly,  others  as  a  season  of  unusual  brightness  in 
their  lives.    The  annals  of  that  meeting  are  classic  to  Indiana's  scientists. 
How  unfortunate  the  chronicler  cannot  alwavs  write  the  whole  truth  I 

At  Greensburg,  Ind.,  May  8th,  1880,  the  fourth  *' Field  Meeting"  began. 
The  session  was  held  at  8:30  o'clock  P.  M.  in  the  rink.  Vice  President  J. 
L.  Campbell  presided.  Dr.  .1.  P.  1>.  John  delivered  an  illustrated  lecture 
on  "Our  Celestial  Visitors." 

The  day  following  was  pleasantly  spent  visiting  the  Upper  and  Lower 
Silurian  exposures  along  Cobb's  Fork  of  Sand  creek.  After  luncheon, 
which  was  kindly  provided  by  the  hospitable  people  of  Greensburg,  the 
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membei*8  went  to  the  Harris  City  quarries,  thence  returned  to  <  ireens- 
burjj.  In  the  evening  another  session  was  held  in  High  School  Hall.  The 
following  persons  spoke  of  some  of  the  observations  made  during  the  day  : 

J.  L.  Campbell,  on  Topography. 

G.  K.  Greene  and  W.  P.  Shannon,  on  Geology. 

.1.  M.  Coulter,  D.  H.  Campbell  and  J.  C.  Arthur,  on  lk)tany. 

Hon.  Will  Cumbark  then  gave  his  impressions  of  the  meeting. 

Kdward  Hughes  gave  an  account  of  the  Amphibians  noted. 

A.  W.  Butler  spoke  of  the  reptiles. 

O.  P.  Jenkins  spoke  of  the  fishes  of  Cobb's  Fork,  and  was  followed  by 
1>.  S.  Jordan,  who  spoke  of  fi.shes  also. 

Rev.  Mr.  Torrence  and  J.  P.  D.  John  made  appropriate  remarks,  the 
latter  moving  the  adoption  of  a  vote  of  thanks  to  the  citizens  of  <  Jreens- 
burg  for  their  hospitality,  which  was  voted. 

The  roll  showed  twenty-seven  persons  present. 

The  next  day  the  members  divided,  a  i)art  going  to  St.  Paul  and  Waldron, 
others  to  Clifty  rreek.  The  former  spent  the  day  among  the  fossils  of 
these  famous  localities,  while  the  latter  fished  or  lounged  beside  the  quiet 
stream  drinking  inspiration  and  absorbing  wisdom  at  the  same  time. 
Over  a  small  fire  the  champion  of  "  vegeta])le  beefsteak"  might  have 
been  seen,  gi\ing  instruction  in  primitive  culinary  methods  as  applied  to 
his  favorite  food,  while  sitting  about  were  several  individuals  who  dis- 
cussed the  governor's  jokes,  the  tnu-  name  of  the  stream  explored  yester- 
day, and  the  unaccommodating  manner  of  the  fishes  wh(>  persisted  in  re- 
fusing to  be  caught,  as  with  rapid  flow  alike  of  words  and  saliva  they 
watched  the  slowly  growing  mushroom  pile.  And  thus  we  remember 
Greensburg. 

The  next  "  Field  Meeting '*  was  appointed  for  Greencastle,  where  the 
meeting  was  called  to  order  in  Meharry  Hall  of  DePauw  University,  at  8 
o'clock  P.  M.,  May  8,  1890,  by  Prof.  C.  A.  AValdo,  acting  president.  Prof. 
C.  I-«o  Mees  delivered  an  address  on  ''  Inertia  with  reference  to  electric- 
ity.** Dr.  Daniel  Kirkwood  was  elected  the  first  honorary  member  of  the 
Academy.  President  J.  P.  D.  John,  of  DePauw  I'niversity,  extended  to 
the  members  the  court(\sies  of  the  university. 

Tlie  following  morning  the  members,  according  to  previous  arrange- 
ment, went  to  *'  Fern."  an  interesting  spot,  where  the  day  was  pleasantly 
spent.     In  the  evening  the  party  returned  to  (treencastlo. 
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At  8  o'clock  P.  M.  the  Academy  convened  in  Meharrv  Hall  with  ex- 
President  John  in  the  chair. 

J.  C.  Arthur  presented  **  Some  observations  on  parasitic  plants  taken  at 
'  Fern.'  " 

C.  K.  Dryer  gave  an  account  of  the  *'  Surface  <  Jeology  of  Putnam 
county."  C.  W.  Hargitt  spoke  on  '*  Some  observations  on  Economic  Kn- 
tomology."  Stanley  Coulter  gave  some  notes  on  the  day's  work.  1).  H. 
Campbell  spoke  of  the  ferns  at  "  Fern."  C.  A.  Waldo  referred  to  the  pro- 
posed meeting  of  the  American  Association  for  the  Advancement  of  Sci- 
ence at  Indianapolis  in  August  next.  A  vote  of  appreciation  of  the  kind- 
ness and  courtesy  shown  the  members  of  the  Academy  by  the  citizens  of 
Greencastle  and  University  authorities  was  passed.  0.  P.  Jenkins,  being 
called  upon,  spoke  concerning  the  influence  of  asHOciations  such  as  the 
Indiana  Academy  of  Science  upon  the  individual  worker.  After  discuss- 
ing plans  for  welcoming  and  entertaining  tlu-  American  As8<»ciation  the 
Academy  adjourned. 

According  to  appointment,  the  sixth  "  Field  fleeting*'  was  convened  at 
the  Arlington  Hotel,  Lake  Maxinkuckee,  May  14,  1891,  at  S  o'clock  P.  M. 
President  Hay  occupied  the  chair.  Dr.  P.  S.  Baker  delivered  an  address 
upon  "The  Spirit  of  Scientific  Work,"  for  which  the  thanks  of  the  Acad- 
emy were  tendered  him.  The  Executive  Committee  was  instructed  to 
prepare  an  abstract  of  the  new  law  for  the  protection  of  birds,  and  to 
have  a  copy  of  the  same  mailed  to  each  newHpai>er  in. the  state.  It  was 
recommended  that  special  attention  be  called  to  the  fact  that  the  English 
sparrow  is  not  protected  by  law.  J.  T.  Scovell  spoke  of  the  deeirability  of 
an  effort  being  made  to  determine  the  height  of  Mt.  Orizaba,  Mexico,  and 
of  the  advantages  to  be  <lerived  from  such  work  being  undertaken  by 
running  a  line  of  levels  from  some  determined  point  to  the  summit  and 
definitely  fixing  each  thousand  foot  mark  as  a  reference  point  for  biologi- 
cal investigations.  The  Academy  voted  approval  of  the  plan  as  presentetl 
and  agreed  to  assist  in  any  way  in  its  power  should  such  plan  be  under- 
taken. 

The  next  day  was  spent  in  exploring  the  lake  and  its  shores,  and  was 
very  much  enjoyed.  Ik>ating,  fishing,  turtle  hunting  and  collecting  in 
many  lines  represented  the  various  ways  in  which  the  members  were 
employed. 

In  the  evening  the   Academy  met  again  at  the  Arlington  Hotel.     A 
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tximraittee  consieting  of  J.  >r.  Coulter,  P.  8.  Baker,  A.  J.  Woolman,  A.  P. 
v'arman  and  A.  W.  Butler  was  appointed  to  consider  the  relation  that 
should  be  sustained  by  teachers  in  the*  Hijrh  Schools  to  the  Academy  of 
Si-ience.  The  natural  characters  of  the  region  about  Lake  Maxinkuckee 
were  then  discussed  until  the  close  of  the  session. 

Richmond  was  the  place  chosen  for  the  *'Field  Meeting"  of  1892.  The 
kind  and  urgent  invitation  of  the  representatives  of  Earlham  College 
made  each  one  feel  an  assured  welcome  to  Kichmond  and  to  Earlham. 
<  >n  the  morning  of  May  12th  the  members  met  at  the  Arlington  Hotel, 
and  under  the  guidance  of  Professors  Dennis  and  Moore  proceeded  to 
Til istleth waiters  Falls,  above  the  city.  The  morning  was  agreeably  spent 
along  the  several  outcrops  of  the  fossiliferous  limestone.  Before  noon 
the  party  reached  the  college  grounds.  After  examining  the  collections, 
dinner  was  served  in  the  dormitory.  In  the  afternoon,  by  the  kindness 
of  the  people  of  Richmond,  the  members  were  driven  in  carriages  to  Elk- 
horn  Falls,  five  miles  down  the  Whitewater  river.  Upon  their  return 
they  were  driven  about  the  city  and  given  an  opportunity  to  see  its 
heauties,  comforts  and  advantages. 

Thursday  evening  the  Academy  met  in  Lindley  llall,  Earlham  College. 
President  J.  L.  Campbell  occupied  the  chair.  .1.  M.  Coulter  spoke  briefly 
of  the  objects  and  plan  of  the  Academy.  Dr.  Alfred  Springer  then  de- 
livered an  address  upon  "The  Cell  and  Its  Functions.'' 

The  thanks  of  the  Academy  were  tendered  Dr.  Springer  for  his  address. 

The  next  morning  the  members  visited  the  limestone  outcrops  below 
the  city,  going  thence  to  the  college  where  they  again  partook  of  dinner. 
Those  who  could  remain  spent  the  remainder  of  the  day  in  the  libraries, 
museums  an<l  laboratories  All  regretted  when  leaving  time  came.  The 
meeting  was  too  short  in  time  but  was  full  of  pleas^ires  for  which  all 
will  hold  the  Richmond  friends  in  grateful  remembrance. 
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'89.    The  occurrence  of  the  badger  in  Indiana.    [Not  pub.] 
'90.    Notes  on  Indiana  reptiles.    [J.  C.  S.  of  N.  II.,  '92,  pp.  160-179.] 
'90.    Observations  on  the  habits  of  Synaptomys  cooperii.    [Not  pub.] 
'90.    [See  B.  W.  Kverman.    Not  pub.] 

'90.    The  range  of  the  evening  grosbeak  in  the  winter  of  1889-lK).  [Auk. 
IX,  pp.  238-247.] 
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'*.K».     Carolina  parakeet  in  Indiana.    [Auk.  IX,  pp.  49-56.] 

'01 .     On  a  deposit  of  vertebrate  fossils  in  Colorado.    [Not  pub.] 

'Ml.    On  Indiana  shrews.     [Pr.  V.] 

'*.»1.     Notes  on  Indiana  birds.     [Pr.  V.] 
Campbkll,  D.  H. 

'88     On  the  value  of  the  sexual  organ  as  a  standard  of  classification  in 
plants. 

'.s8.     Notes  on  the  collecting  and  preserving  of  material  for  botanical 
instruction. 

'89.     Method  of  embedding  and  staining  delicate  vegetable  tissues. 

'Si).     Germination  of  the  macrospores  of  Isoetes. 

*90.    Comparative  structure  of  the  roots  of  Osmunda  and  Botrychium. 

MK).     Notes  on  the  prothalliuni  of  the  Osmundaceie. 
<'ami»iikll,  J.  L. 

'8<>.    The  geodetic  survey  in  Indiana. 

'87.    The  reversal  of  the  electric  current  in  the  Holtz  induction  ma- 
chine. 

'H8.    The  Collett  glacial  river. 

'SU.     Dangers  of  the  electric  current. 

'01.    The  Kankakee  and  pure  water  for  northwestern  Indiana  and  Chi- 
cago.   [I^.  v.] 

*01.    Science  and  the  Columbian  Exposition.    [Pr.  V.] 

C  VMPBELL,  J.  T. 

M)l.    Topographical  evi<lence  of  a  great  and  sudden  diminution  of  the 
ancient  water  supply  of  the  Wabash  river.    [Not  pub.] 

'01.    Source  of  supply  to  medial  moraines  probably  from  the  bottom  of 
the  glacial  channel.    [Not  pub.] 
Carman,  A.  P. 

'St).    Magnetic  permeability  of  nickel  at  low  temperatures. 

'*.K).    Transformer  tests. 

'90.    Note  on  the  magnetic  permeability  of  an  impure  nickel  at  low 
temperature. 

*ol.    Heating  of  a  dielectric  in  a  condenser.    Preliminary  note. 

Cl.ARKK,  W.  B. 

'SO.    Cremation.    [N.  A.  J.  of  H.    3d  Series,  V,  p.  154.] 

'90.    Hypnotism.    [Report  Ind.  lioard  of  Health,  '00,  p.  144.] 

CoNXKR,  J.  B. 

'85.    Statistical  investigations  in  Indiana. 

C«)l'LTER,  J.  M. 

'85.     Progress  of  botanical  work  in  Indiana. 

'SO.    Origin  of  the  Indiana  flora.    [Ind.  Creol.  Report,  1885-86,  pp.  253- 

282.] 
'87.     Evolution  in  the  vegetable  kingdom,  (Presidential  Address.)  [Am. 

N.,  1888,  pp,  322-335.] 
'87.    Stomata  of  Tillandsia  usneoides.    [Not  pub.] 
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'ss.  ( ieo^'raphical  distribution  of  rnibellifers.    [Coulter  and  Rose  He- 
vision  X.  Amer.  I'lub.,  pp.  5-8.] 

'88.  The  future  of  systematic  botany.    [Not  pub.] 

'88.  Peculiarities  of  tlie  Indiana  flora.     [Not  pub. J 

'89.  Stone  characters  of  Nyssa.     [F^.  <i.  XV..  'M).] 

'89.  -Snake  cactus."     [Not  pub.] 

'89.  The  National  Herbarium.     [Xot  pub.] 

'89.  Mycorhiza  and  Epiphegus.     [Not  pub.] 

'89.  Distribution  01  Comus.     [1*.  A.  A.  A.  S.    Indianapolit?  meeting.] 

'90.  Biological  surveys.    [Not  pub.] 

MK).  The  flora  of  Texas.    [Cont.  Xat.  Herb.,  Vol.  II.] 

'91.  Biological  surveys*.    [Xot  pub.] 

CoiLTER,  StANF.KV. 

'KT).    The  chlorophyll  bands  of  Spirogyra.     [B.  (J..  XII,  pp.  15:>-157.] 

'87.     Histology  of  the  foliage  leaf  of  Taxodium  distichum.    [B.  (i.,  XIV, 
pp.  70-81  and  XIV,  pp.  101-107.] 

'8H.     Amcvba    a  query.     [Not  pub.] 

'88.    Strengthening  cells  and  resin  ducts  in  Conifeno. 

'89.    Determination  of  lower  plant  forms.     [Not  pub.] 

'89.    Forest  trees  of  Indiana. 

'W.     Preliminary  notes  on  genus  Tolygonum.     [Not  yet  pub.] 

'90.     Aberrant  fruit  of . I uglans  nigra.     [Not  yet  pub.] 

'\H).     Value  of  minute  anatomy  in  plant  classification.    [Xot  pub.] 

'!»!.     Tnused  forest  resources.    [Trans.  Ind.  Hort.  Soc,  1891,  pj).  ir)7- 
102.] 

'91.     Distribution  of  rertain  forest  trees.    [As  above.] 

'91.     (Ueistogamy  in  Polygonum.    [IJ.  <  I..  XVII,  pp.  91-92.] 
Dvviv,  B.  M. 

'90.     [See  .Jordan,  1).  S.] 
Davis,  Sukkman. 

'91.     Results  of  estimations  of  chlorine  in  mineral  waters  by  Volhardt's 
method.    [Pr.  V.] 
Dknnis,  1).  AV. 

'8().    The  bearing  of  the  l/ebanon  beds  on  evolution. 

's7.    The  east-west  diameter  of  the  silurian  island  about  Cincinnati. 

'87.    The  transition  of  Orthisoccidentalis,  Hall,  into<  )rthi8sinuata,  Hall. 

'91.    Some  observations  on  photomicrography. 

IhtESM.All,    F.    B. 

'8S.    The  American  mackerels. 
Dkeu,  Frank  M. 

'89.    Explorations  of  the  V.  S.  Fish  Commission  in  Missouri. 
Drykk,  C.  H. 

'8<).    The  surface  geology  of  the  Wabash- Krie  divide.     [Kith   Ind.  State 
<ieo.  Kep.,  p.  lOo,  et  seq.] 

'87.    The  kames  of  Allen  county,  Indiana.     [As  above.] 
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"^K    The  moraines  of  the  Maumee  glacier.    [17th  Ind.  State  Geo.  Kej).] 

'8!i.     Observations  on  the  lakes  of  Indiana.    [As  above.] 

'89.     The  glacial  geology  of  the  Irondequoit  glacier.  [Am.  (t.,  ApL,  1  S9().] 

FjiiENMANN,    CaKL   H. 

'88.     Origin  of  the  egg  membrane  in  teleostean  fishes.    [Bulletin  of  the 

Museum  of  Comp.  Zool.  at  Harvard  College,  XIX,  p.  12V>-154.] 

*>v*>.     A  Cyprinodon  from  Hot  Springs  in  southern  Nevada.    [1*.  ('.  A.  s., 

2d  Series,  I,  p.  270.] 

'V»l.     The  development  of  the  viviparous  fishes  of  California.  [In  press.] 

'in.     Recent  additions  to  the  ichthyological  fauna  of  California.    [A.  M. 

Y.  A.  S.,  1892,  and  Proc.  V.  S.  Nat.  :Mus.,  '92,  pp.  123-17S,  and 

Pr.  v.] 

*tU.     The  tx)ntinuity  of  the  genu  plasm  in  vertebrates.     [J.  of  M.,  V, 

pp.  481-492,  and  Pr.  V.] 
'91.     Biological  stations.    [San  Francisco  Chronicle,  Xov.  .iO,  1890.] 
'91.     The  eyes  of  blind  fishes.    [Zoe  I,  pp.  05-72,  and  Pror.  V.  S.   Nat. 

M.,  1892,  pp.  ir)9-l()2,  and  Pr.  V.] 
*1M.     On  the  presence  of  an  operculum  in  the  Asprcdinidjc     [Am.  N. 
XXVI,  p.  71.] 
Kh  .EN  MANN,  Cakl  H.,  and  Rosa  S. 
'8.S.     Revision  of  the  Xematognathi  of  South  America.      [Occasional 

Papers  of  the  Cal.  Acad,  of  Sci.,  I,  pp.  1-508.] 
'8S.     The  Erj-thrinina*.     [P.  C.  A.  S.,  2d  Series,  II,  pp.  lOO-l  1(J.] 
'S8.     The  edentulous  Curimatimi-.     [A.  X.  Y.  A.  S.,  IV,  pp.  1-32.] 
KuiKXMAX.v,  Carl  II.,  and  R.  L.  (Jukkn. 

'91.     The  relation  of  nucleoplasm  to  cytoplasm  in  the  segnientinjz  egg. 
Ki<iKNMANN,  Cakl  II.,  and  Jknmk  Houxi  x<i. 

'*<«*».     Review  of  American  ChaetodonticUv.    [A.  N.  Y.  A.S.,  lA',  pp.  1-18.] 
KuiKXMAXX,  Carl  H.,  and  Klizaukth  G.  Hi<iiiEs. 

\S<>.     Review  of  l>iplodus  and  I-agodon.     [Proc.  V.  S.  Xational  Museum. 
1S87,  pp.  (i5-74.] 
KvAXs,  S.  <T. 

MK).    Notes  on  distribution  and  habits  of  Ar^'vnnis  diana.    [Xot  pub.] 
EvAN>,  Walter  II. 
^S7.     Lichens  of  Indiana. 
*ss.    The  spines  of  Cactacejv. 
'*M.     The  cactus  flora  of  the  Southwest. 

K\  KKMANX,    B.    W. 

'Mi.  The  work  of  the  A.  O.  V.  committee  on  bird  migration.      [Xot  pub.] 

'Kti.  Notes  on  birds  observed  in  Carroll  county,  Indiana.     [Auk.  W] 

'S7.  The  fishes  of  Carroll  county,  Indiana.    [Pr.  V.  S.  X.  M.,  '88.] 

■87.  The  occurrence  of  the  star-nosed  mole  in  Indiana.     [Am.  N.] 

'8.H.  The  occurrence  in  Indiana  of  the  wood  ibis.    [.Vm.  X.| 

'SS.  Additions  to  the  fish  fauna  of  Vigo  county,  Indiana.    [Xot  pub.] 

\*<s.  [See  Jenkins,  O.  P.] 
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'88.    [See  Jenkins,  O.  P.] 

'89.    Description  of  a  new  species  of  Khinoptera  from  tke  Gulf  of  Cali- 
fornia.    [Pr.  U.  S.  N.  M.,  '91.  pp.  121-165.] 

'90.    Some  notes  on  Indiana  birds.    [Not  pub.] 

'90.    [See  .Jenkins,  O.  P.] 

*90.    Audubon's  old  mill  at  Henderson,  Ky.    [Not  pub.] 
KvERMANN,  B.  W.,  and  Amob  W.  Bitlkr. 

'90.    Notes  on  Indiana  mammals.    [Not  pub.] 
KvKRMANN,  B.  W.,  and  O.  P.  Jenkins. 

'90.    Fishes  of  the  Wabash  basin.    [Not  pub.] 
Fk8lar,  Bert. 

'88.    [See  Dresslar,  F.  B.] 

I'lSHER,    E.    M. 

'89.    Some  structures  in  Epiphegus.    [Not  pub.] 
*W.    Parasitic  fungi  of  Indiana.    [Not  pub.] 

'91.    Preliminary  notes  on  the  genus  Hoffmanscggiai.      [Cont.   Xat'l 
Herb,  I,  pp.  143-150.] 

<iILBERT,    C.    H. 

'88.    Plan  of  work  of  the  "  Albatross"  on  the  coast  of  Lower  ('alifornla. 

[Not  pub.] 
'89.    Exploration^  of  the  U.  S.  Fish  Commissipn  steamer  "  Albatross  " 

in  the  Pacific  ocean.    [Not  pub.] 
'90.    The  identification  of  ghost  fishes.    [Not  pub.] 
'IK).    The  deep  water  fishes  of  the  Pacific.    [Not  pub.] 

1 J  LICK,    I'.   F. 

'89.    Some  unusual  forms  of  lime  carbonate  deposition.    [Not  pub.] 
'90.    Notes  on  some  Actinia.    [Not  pub.] 
(fOLDEX,  Miss  Katiierinb  E. 
'90.    Weight  of  the  seed  in  relation  to  production.     [Ag.  S.,  V,  pp. 

117-122.] 
'91.    Diseases  of  the  sugar  beet  ro^jt.    [B.  I.  E.  S.,  Ill,  pp.  54-62,  and 

Pr.  v.] 
(ioss,  W.  F.  M. 
'90.    A  brief  description  of  the  new  steam  engineering  laboratory  at 

Purdue  University.     [Engineering  Journal,  Dec,  '91,  p.  .549; 

also,  Mechanics,  Dec.,  '91,  p.  291.] 
Gray,  Tncs. 
'88.    Sea  bottom  temperatures. 
'88.    A  mantel  piece  seismoscope. 
'89.    Apparatus  for  the  determination  of  power  consumption  in  friction 

and  the  cutting  of  metals. 
'89.    Thomson's    portable    magnetostatic  electrical  measuring  instru- 
ments of  )on^  range. 
'89.    On  the  determination  of  the  elasticity  constants  of  materials  by 

the  deflection  method. 


'*.<).     On  the  solution  of  the  equation :    (lu=  ^-^- -j^ 


•21 

*{M).     Kxact  and  approximate  formube  for  calculating  the  force  at  any 
point  in  the  plane  of  a  circular  circuit  conveying  an  electric 
current. 
'^K).     Some  data  as  to  the  resistance  to  cutting  of  metals. 
'v*0.     An  apparatus  for  determining  strength  of  electric  currents  in  ab- 
solute measure. 
*90.     Specimens  of  diagrams  obtained  in  testing  iron  and  steel. 
'^K).     The  relative  magnetic  resistance  of  air  and  iron. 

dx 
(a---x2).l 
tfiiAY,  Tin>s.,  and  C.  Leo  Mkes. 
'89.     Preliminary  report  on  the  changes  in  density  of  wire  in  stretching. 

<iKEEX,  R.  L. 

'81  ♦.    The  uses  of  infinity  and  zero  in  algebra. 

'fU .    Some  suggested  changes  in  notation. 

'91.     [See  Eigenmann,  C.  H.] 

Harc.itt,  C.  W. 

*>i7.     Some  curious  monstrosities  in  egg  formation.     [Am.  N.  XXII.  p. 

.335.] 

'S7.     Notes  on  Scaphiopus  holbrookii.    [Not  pub.] 

*88.     Evidences  of  shallow  water  deposition  of  Silurian  rocks.    [Not  pub.] 

\SS.     Occurrence  of  Agkistrodon  contortrix  in  Dearborn  county,  Indiana. 
[Not  pub.] 

\S8.    Some  strange  cases  of  color  variation  in  animals.     [Am.  N.  XXIII, 

p.  449.] 
*si#.    Notes  upon  the  economic  phases  of  entomology  and  ornithology. 

[Not  pub.] 
'>s9.     Some  habits  of  the  cray  fish.     [Am.  M.  M.  .1.,  XI,  p.,  179.] 
'89.     Some  remarkable  floral  variations.     [B.  G.,  XIV,  p.,  179.] 
•!K).     Food  habits  of  the  blue  jay.    [Not  pub.] 
'90.     Notes  on  Hydra  fusca.    [Not  pub.] 
Hath  A  WAV,  A.  S. 
'91.     A  graphical  solution  for  etiuatiuns  of  iiijrher  degree,  botli  for  real 

and  imaginary  roots.     [Pr.  \'.] 
'91.     On  some  theorems  of  integrations  in  (iuaternion».     [Pr.  \.] 
'91.     A  note  on  the  early  history  of  potential  functionn.    [Pr.  V.] 

ilAY,  O.P. 

'8o.     The  present  condition  of  our  knowledge  of  Indiana  herpetology. 
•StJ.     A  curious  habit  of  the  red-headed  woodpecker.     [Auk.,  Apl.,  '87.] 
'86.     The  higher  classification  of  the  amphibia.    [Not  pub.] 
'86.     Some  reptiles  and  amphibians  that  appear  to  be  rare  in  Indiana. 

[Not  pub.] 
'80.     Some  reptiles  and  amphibians  that  are  to  be  looked  for  in  Indiana. 
"S^i.     Notes  on  the  winter  habits  of  Amblystonia  tigrinuni  and  A.  micro- 
stoma.    [Am.  N.,  181K).] 
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'Sit.    The  manner  of  deposit  of  the  glacial   drift,   and  the  formation  of 

lakes.    [Am.  J.  8.,  1887.] 
\s7.     Notes  on  some  fossil  bones  found  in  Indiana.     [Not  pub.] 
*S7.    Observations  on  the  Amphiuma.    [Am.  N.,  1890.] 
*87.    Some  additions  to  the  list  of  Indiana  reptiles.    [Not  pub.] 
*8S.    On  the  skull  of  the  larva  of  Amphiuma  means.    [Am.  N.,  1890.] 
*88.     On  the   h'yobranchial  apparatus   of  Amblystoma  microstomum. 

[Not  pub.] 
'88.     Further  notes  on  the  habits  of  some  Amblystomas.  [Am.  N.,  181K).] 
'S9.    The  breeding  habits  and  larval  stages  of  Amblystoma  microsto- 
mum.   [Am.  N.,  1890,] 
'89.    Some  points  in  the  anatomy  of  Amphiuma.    [Am.  N.  ISiK).], 
'89.     Aquatic  respiration  of  the  Amblystomas.     [Am.  N..  1890.] 
'89.    The  life  history  of  Chorophilus  triseriatus. 
'89.    On  certain  species  of  the  genus  Chorophilus. 
'91.    The  present  state  of  the  theory  of  organic  evolution  i  President's 

address. )    [Present  vol.] 
'91.    On  Leconte's  terrapins,  Kmys  concinna  and  E.  tioridana. 
*91.    The  eggs  and  young  of  certain  i?nakes.    [Pr.  V.] 
'91.    <  )bservation8  on  the  turtles  of  the  genus  ^lalochlemys.     [Pr.  V.] 
'91.    Our  present  knowledge  concerning  the  green  triton.    [Pr.  \'.] 
'91 .    The  proper  systematic  name  of  the  prairie  rattlesnake. 
HvY,  <).  P.  AND  W.  P.  Hay. 
'8S.    Contributions  to  the  knowledge  of  the  genus  Branchipue.    The 

production  of  the  larva*  of  1>.  vernalis.    [Am.  N.,  1889.  ] 
'88.     Description  of  a  supposed  new  species  of  Hranchipus  found  in  In- 
diana.    [Am.  N.,  1889.] 
Hay,  W.  P. 
'91 .    The  blind  cray  fishes  of  Indiana. 
'91.    Kemarka  on  the  crustaceans  of  Indiana.     [Pr.  V.] 

HkssLEU,   HoilKRT. 

'88.     [See  Van  Nuys.  T.  C.]     [Not  pub.] 

'8vS.     i^ailroad  migrants  among  Indiana  plants.    [I.  T.,  Will,  p.  I.] 
lli<;nT,  H.  F. 
'8<'».    On  the  Thysanura. 

HoL/MAN,  C.   L. 

'91.     Development  of  the  sporangium  and  apical  growth  of  the  stem  of 
Botrichium  virginianum.     [P.  (t.,  XVII,  p.  214.] 
Hixu'Ei:,  W.  DkM. 
'89.     Incandescent  gas  lighting. 

1 1  OK  N  r  .\(  i  J  M ISS  .1 ENXI K. 

*8<».     [See  Eigenmann,  C.  H.] 
UrniiAKi),  0.  C. 
'8(>.     Additions  to  the  flora  of  Indiana.     [Not  pub.] 
'87.     List  of  butterflies  of  Jefferson  «ounty,  Ind.    [Not  pub.] 
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'S7.     Additions  to  the  flora  of  Indiana.    [Not  pub.] 

'88.     List  of  one  hundred  species  of  Jefferson  county  birds.    [Not  pub.] 

'Hs.     List  of  the  solitary  wasps  of  .fetFerson  county.    [Not  pub.] 

'*M),     Geophila  in  Jefferson  county,  Ind.    [Not  pub.] 

'*.»L     Jefferson  county  cystidians.   [Pr.  V.] 

'^L     Hudson  river  fossils  of  Jefferson  county,  Ind.    [Pr.  V.] 

'*.»!.     The  upper  limit  of  the  lower  silurian  at  Madison,  Ind.    [Pr.  V.] 

'91.     A  new  microtome.     [Pr.  V.] 
Him  ON,  H.  A. 

*00.     Oxydation  of  phosphoric  acid.    [Not  pub.] 

'90.     Albuminoid  nitrogen  in   Indiana  feeding  material.     [H.I.  K.  S., 
XXXVIL] 

't>l.     The  sugar  beet  in  Indiana.    [B.  1.  K.  s.,  XX.\I  V.] 

'•.»1.     Forms  of  nitrogen  for  wheat.     [H.  I.  K.  S.,  XX.WI  and  XLI.] 

'^♦1.     Laboratory  and  field  work  on  the  phosphate  of  alumina,     [bulle- 
tin 2K,  Chem.  Division,  W  S.  l>ept.  of  Ajr.,  p.  170.) 

'•.»1.     Recent  methods  for  the  determination  of  phos  phoric  acid.    [Bul- 
letin :M,  ('hem.  T)iv.  V.  S.  Dept.  of  Ag..  pp.  107-179.] 
Jkvkins,  O.  p. 

*sr».     Account  of  the  work  done  in  invertebrate  zoology  in  Indiana. 

'8<>.     The  fishes  of  the  Wabash  and  some  ot'  its  tributaries.    [Not  pub.] 

'87.     Notes  on  some  aouthern  Indiana  fishes.     [Not  pub.] 

■S9.     The  stat«  of  the  crater  of  Kilauea  in  .\ugust,  1S89.    [Not  pub.] 

*s9.     Preliminary  note  on  the  fishes  of  Sandwich  Islands.     [Not  pub.] 

*8*».     Fishes  of  Putnam  county.    [Not  pub.] 

'89.     Notes  on  some  fishes  from  the  west  coast  of  Africa,  collectc<i  bv 
Carl  Stecklemann.      [Not  pub.] 

'*.M).     Sailor  spiders  on  i^ake  Maxinkuckec.    [Not  pub.] 

'«.H>.     Chaetodontida*  of  the  Sandwich  Islands.    [Not  pub.] 

'90.    [See  Evermann,  W.  B.] 

*JK).     Notes  on  structure  of  muHcle  cells  in  salamanders.    [Not  pub.] 
Jenkins,  O.  P.  and  W.  V.  BitowN. 

'87.     Location  of  Eel  river  falls.     [Not  pub.] 

'S8.     The    determination  of    the   least  discernible    interval    between 
sounds.    [Not  pub.] 
Jknkjn.s,  O.  p.  and  B.  W.  Kvkkmann. 

"ss.    The  fishes  of  the  bay  of  (luaymas.  including  nineteen  new  species. 
l*r.  r.  S.  N.  M.,  '88,  pp.  I37-l.)8. 

■S8.     Some  notes  on  the  natural  history  of  ( ruaymas,  Mexico.  [Not  pub.] 

•fiO.     Contribution  to  the  distribution  of  the  fishes  of  the  west  coast  of 
North  America.     [Pr.  l'.  S.  N.  M.,  M)l,  pp.  ril-Hi.'S.] 
Jknks,  Jerkmi.\ii  W. 

'S9.     The  eftects  of  trusts. 
.John,  J.  P.  D. 

*HA.     Jieligion    and    the    law    of   continuity.      (Presidential    addre.«8.) 
[Methodist  Review,  Nov.  '89,  pp.  870-887.] 
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Jordan.  D.  S. 
'85.    Sketch  of  ('.  8.  Kalinesque.    [Pop.  S<i.  Monthly.] 
'85.    Account  of  the  work  done  for  ichthyology  in  Indiana. 
'8().    The  relation  of  latitude  to  the  number  of  vertebra*  in  fishes.    [Vr. 

V.  S.  N.  M.,  1891,  pp.  107  et  seq.] 
*H6.    The    dispersion   of   fresh- water    fishes.     (Presidential    address.) 

[Science  Sketches,  *88.    A.  C.  McC'lurg  &  Co.| 
*87.    Blind  fishes  and  natural  selection.    [Not  pub.] 
'S7.    The  Isthmus  of  Panama  as  a  barrier  to  marine  fauna.     [Pr.  V.  S. 

N.  M.,  1885,  p.  :{94.] 
'87.    The  orij^in  of  genera.    [Not  pub.] 
'88.    The  relation  of  systematic  zoolojry  to  museum  administratioD. 

[Not  pub.] 
'88.     Explorations  of  the  V.  S.  Fish  Commission  in  Virjrinia  and  North 

Carolina.    [Bulletin  V.  S.  Pish  Com.  for  1889.] 
'88.    Analogy  between  river  fauna*  and  island  fauna*.    [Not  pub.] 
'88.    The  ancestry  of  the  blind  fishes.    [Not  pub.] 
*89.    Fishes  of  the  Yellowstone  Park.    [Bulletin  V.  S.  Fish  Comm.  for 

1890.] 
'89.    The  top  of  the  Matterhorn.    [Not  pub.] 
'89.     Explorations  of  the  U.  S.  Fish  Commission  in  Colorado  and  Ttah. 

[Bulletin  V.  S.  Fish  Comm.  for  1890.] 
'tK).    The  death  of  salmon  after  spawning.   [Letter  to  Forest  and  stream , 

1892.] 
'90.    The  fishes  of  the  upper  Columbia  and  the  Shoshone  Falls.    [Not 

pub.] 
'90.     Relation  of  the  number  of  vertebra'  in  fishes  to  the  temperature 

of  water.     [Pr.  V.  S.  N.  M..  1S91,  pp.  107  et  seq.] 
'^H).    The  colors  of  letters.    [P.  S.  :m.,  July,  1891.] 
Jordan,  I>.  S.  and  B.  M.  Davis; 
'90.     Eels  of  America  and  Europe.     [Report  V.  S.  Fish  Comm..  1892.] 

K  A RVTKN,  G r«T A  F. 

*90.    The  colors  of  sounds. 
Kkllkrman,  W.  a. 

'91.    Notes  on  a  Kansas  species  of  buckeye.    [Not  pub.] 

'91.     Photographing  certain  natural  objects  without  a  camera.     [J.  C. 
S.  01  N.  II.,  1S92,  pp.  5.V54.] 
Kkm.icott,  I).  S. 

M)l.    The  Aegeria  of  central  Ohio.     (C.  E.,  XXIV.  p.  :V,).] 

KlNiiSLKY,  J.  S. 

'87.  The  origin  of  arthropods. 

'88.  The  invertebrate  homologuos  of  the  infundibulum  and  pineal  eye. 

'88.  Segmentation  of  the  arthropod  e^g. 

'88.  The  Myriapoda,  a  heterogeneous  jrroup.    [Am.  N.,  1S89.] 

K  IKK  WOOD,    DaNIKL. 

'85.     Astronomical  study  in  Indiana. 
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's«>.     The  zone  of  minor  planeti<.    [Autlior'e  monograph  on  tht*  aster- 
oids.] 
K1R.S4 11.  P.  H. 
'S8.     The   American  star-gazers — Uranosoopidae.    [Proc.  of  Acad,   of 
Nat.  Sci.  of  Phii'a.,  1889,  pp.  258-2(W).] 
Lackky,  B.  a. 

'iK).     Freezing  process  of  excavation. 
I»rz,  Di'MoxT. 

90.     [See  Stone,  W.  K] 
Lyon*^,  R<^hert  E. 

'H8.     [See  A'an  Nuys,  T.  ('.] 
'110.     [See  Van  Nuys,  T.  C] 

'1H>.     An  improved  chemical  test  for  blood  in  urine. 
'*.K).     An  apparatus  for  determination  of  water  in  oils  and  fate. 
'\n.     [See  Van  Nuys,  T.  C] 
McBkide,  K.  We<. 

M»l.     Some  observations  on  Indiana  birds.    [Pr.  V.] 
MrDorcjAL,  D.  T. 
*s<».     The  plants  of  Putnam  county. 

*!^0.     Aberrant  forms  of  Juglans  nigra— structural  changes. 
*in.    Plant  zones  of  Arizona.    [Pr.  \.] 
McNeilt,,  Jerome. 
'.S6.    A  remarkable  case  of  longevity  in  the  longicorn  beetle,  Kburia 

quadrigeminata,  Say. 
'S<».    The  teaching  of  entomology  in  the  high  schools. 
'Si;.     T descriptions  of  four  new  species  of  myriapods  from  the  Tnited 

States. 
'*»0.     A  liet  of  the  i  )rthoptera  of  Illinois,  with  descriptions  of  new  species 
and  ob8er\'ation8  on  the  songs  and  habits  of  little  known  species. 
Martin,  (t.  W. 

'*.♦!.     Organogeny  of  Aster  and  Solidago.    [H.  (t.,  XVII,  No.  II,  and  Am. 
N.,  XXVI,  No.  311.] 
Maktin.  Miss  Lillik  J. 
'8rf>.    Outline  of  a  course  in  science  study  based  on  evohition. 
\S7.     A  chemical  study  of  .luglans  nigra. 
'87.     The  value  of  organized  work  in  plant  chemistry. 
Means,  J.  II. 

'84>.     [See  Brannor,  J.  ( \] 
Mkkk,  S.  R 

*.S«>.     Klegatis  pinnulatis  at  the  east  end  of  Long  Island  Soun<l. 
MEt>,  C.  Leo. 

■HS.     Notes  of  the  comparative  value  of  several  photometric  methods. 
'SS.     Some  curious  phenomena  in  a  four-plate  Toeppler-lloltz  machine. 
'KS.     Simple  device  for  measuring  the  coellicient  of  expansion  of  solids. 
'AU.     [See  (iray,  Thos.] 
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'8U.  The  use  of  two  mirrors  for  the  determination  of  the  coefficient  of 
expansion  in  solids. 

*89.  Cause  of  periodicity  in  thermometers  as  discussed  by  Prof.  W.  A. 
Kodgerg. 

MK).  Description  of  a  powerful  electro-maj^net  with  preliminary  deter- 
mination of  its  magnetic  tield. 

'iH).  Continuation  of  experiments  in  the  change  of  density  of  metals 
under  stress. 

Mkndkxhalk,  T.  ('. 
'86.     Kecent  progress  in  seismology. 

*88.     Recent  researches  in  atmospheric  electricity.     [Popular  Addre.ss.] 
'90.    The  work  of  the  I'nited  states  Coast  and  <  ieodetic  Survey.   [Presi- 
dent's Address.] 

Mkynckk,  O.  M. 
'87.    The  late  drouth  and  its  effect  on  vegetation. 
'87.    Companion  plants. 
'87.    Notes  on  the  white-spored  agarics  of  Franklin  county,  Ind. 

■ 

MiKELs,  Mrs.  Rosa  RKi)DiN<i. 
'91.    Preliminary  paper  on  the  flora  of  Henry  county,  Ind.  [Not  yet  pub.] 

MCK>BK,  1>.    K. 

'8o.    Our  knowledge  of  Indiana  conchology. 

AICK)RE,  JOSKPII. 

'80.    On  the  remains  of  a  giant  beaver  found  nt'ar  Winchester,  Indiana. 

[Not  pub.] 
HH).    A  recent  find  of  musk  ox  remains  in  Indiana.     [Not  pub.] 
'01.    Variations  in  the  dynamical  conditions  during  the  deposit  of  the 

rock  beds  at  Richmond,  Ind.    [Not  pub.] 

MooiiE,  .r.  Iv,  and  K.  M.  Lin({lky. 
'91.     Hysteresis  curves  for  mitis  and  other  cast  irons. 

MoRdAN,  Joirx. 
'90.    Circulation  of  sap. 

MOORKIIKAI),  WaKREN    K. 

'91.     Recent  archa-ological  discoveries  in  southern  <  )hio. 
'91.    Methods  observed  in  archjieological  research. 

MOTTIEK,  I>AVII>  M. 

'90.     Notes  on  the  apical  growth  of  liverworts.    [1*.  <i..  May,  isoi.] 

'90.     Notes  on  the  germination  of  spores  of  Notothylas. 

'91.     Notes  on  the  development  of  the  archegonium  and  fertilization  in 

Tsuga  canadensis  and  Pinus  sylvestris.     [B.  G..  May,  lso2,  and 

Pr.  v.] 

Nayi.oi:,  .7.  P. 
'85.    The  progress  of  physios  in  Indiana. 
'8S.     A  new  electrometer. 
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'*.<k.     A  set  of  resistance  coils  and  Wheatstone's  bridge. 
'91.     An  adjustment  for  the  control  magnet  on  a  mirror  galvanometer. 
'91.     A  combined  Wheatetone's  bridge  and  potentiometer. 
Nef,  J.  X^. 
*87.     On  carboxylated  derivatives  of  benzoquinone.       [.lourn.   Load. 

Chem.  Soc,  1888,  p.  428.] 
ST.     On  chloranil.     [B.  d.  c.  G.,  1887,  p.  2027.] 
'8.V     The  constitution  of  the  anilic  acids.    [Am.  ('.  .1.,  I88n,  p.  17.] 
'SS.    On  tautomeric  compounds.    [Am.  C.  J.,  I.S81),  p.  1.] 

Nfwi.iv,  C.  E. 
'00.    Some  new  crustacean  fossils. 

Nkw'*/>m,  J.  F. 
'9i>.     A  re>dew  of  the  Niagara  group  in  Bartholomew  county.  Ind. 
HO.    Shelby  county  "  Earthquake. '» 

NoYES,  W.    A. 

'S7.     Beta-nitro-para-toluic  acid.    [Am.  C.  J.,  X,  p.  472.] 
'S8.    On  the  atomic  weight  of  oxygen.     [Am.  C.  J.,  XI,  p.  ir>5.] 
'8r>.     Atomic  weight  of  oxygen.    [Am.  C.  J.,  XII,  p.  441.] 
't»0.     Detection  and  estimation  of  titanium.    [J.  of  A.  ('.,  V,  p.  .'59.] 
'91.     I)i-benzyl  carbinamine.     [Am.  C.  J.,  XIV,  p.  22.>,  and  l*r.  X.] 
M>1.    The  character  of  well-waters  in  a  thickly  populated  area.    [Pr.  V.] 
N'nj>,  W.  A.,  and  Cha.s.  Wai.keu. 
'8<i.    On  the  oxidation  of  paraxylene-sulphamide  by  potassium  ferri- 
cyanide.    [Am.  C.  J.,  IX,  p.  93.] 

Xmv»,  W.  a.,  and  W.  B.  Wiley. 
'S8.     On  para-nitro-ortho-sulphamine-benzoic  acid.      [Am.   C.  .1.,    XI, 
p.  161.] 

<»>lir»KX,    H.    I.. 

*9ii.     Osphradium  in  Crepidula.     [Am.  M.  M.,  Apl.,  18S7,  p. «').] 

<hvKx,  D.  A. 
*s7.     A  geological  section  of  .Johnson  county,  Ind. 

'i»l.     Strange  development  of  stomata  upon  Carya  alba  caused  by  phyl- 
loxera.   [Pr.  v.] 
'91.     Some  observations  upon  Heloderma  suspecta.    [Tr.  V.] 

(hVKN,   KUIIARI). 

'S.'>.     Sketch  of  the  work  accomplished  for  natural  and  physical  science 
in  Indiana. 

PvJ.MEK,  CllA.SK. 

*89.     On  sulphophenyl-propionic  acid. 

PiriiJ.ii'S,  A.  hi. 
*80.     The  portable  water  supply  of  the  City  of  New  York. 

PlIlNNKY,  A.J. 

■iMi.     Xatnral  gas  and  petroleum. 
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'86.     Ix)antharia  rugosa. 
Pkddle,  J.  B. 

'88.    [See  Waters,  E.  G.] 
PoTTKR,  Theodore. 
'91.    The  contest  against  infection.    [Cincinnati  I^incet-Clinic,  August 
0,  '92.] 
<2ii(K,  K.  K. 
'8o.    The  progress  of  the  study  of  mammalogy  in  Indiana. 
*86.    Our  blind  mice. 
Raoan,  W.  H. 

'85.    Meteorology  in  Indiana. 
Hkddinc;,  T.  B. 
'87.    Man    an    evolution  — biological    proofs.    [Souvenir  of  Western 

Writers'  Asso.,  1890,  pp.  173-184,  and  Pulpit  and  Pew.] 
'91.    The  prehistoric  earthworks  of  Henry  county,  Ind.    [Newcastle 
Courier,  Dec.  20,  '89,  and  Pr.  V.] 
Ketti;kr,  Louis. 
'89.    [See  Drew,  Frank  M.] 

'89.    Morphology  of  the  siphonophores.    [Not  pub.] 
Rose,  J.  \. 
'86.    The  mildews  of  Indiana.    [B.  ( i.,  XI,  pp.  (KMi3.] 
'87.    Characters  in  Cmbellifera.    [B.  (J.,  XII,  pp.  237-243,  and  (  oulter 

and  Rose's  Revision  of  I'mbellifera\  pp.  t)-l(».] 
'IK).     Distribution  of  I'mbellifera*  in  North  America.     [Not  yet  pub.] 
'90.     Plants  collected  by  Dr.  Palmer  in  Arizona  in  l><iX).     [Cont.  fr.  U.     • 
S.  Nat'l  Herb.,  I,  pp.  117-127.] 

SCIINAIHLE,  ,]oi\S  F. 

'89.    Soap  analysis.    [J.  of  A.  C,  IV,  p.  ir>7.] 

SCOVELL,  J.  T. 

'85.    (Geographical  studies  in  Indiana.    [Not  pub.] 

'86.    The  geology  of  Vigo  county,  Ind.     [Not  pub.] 

'86.    The  Niagara  river.    [Not  pub.] 

'87.     Krosion  in  Indiana.    [Not  pub.] 

'S8.    The  old  channel  of  Niagara  river.    [Not  pub.] 

'IK).    Sections  of  drift  in  Vigo  county,  Ind.    [Not  pub.] 

'91.     Kxploration  of  Mt.  Orizaba.    [Not  pub.] 
Skato.v,  Henry  E. 

'88.    The  epidermal  colls  of  Tillandsia. 

'89.    Some  stem  characters  in  Compositjc 

'90.    Notes  on  Gautemalan  Compositjc 

'91.    The  llora  of  Mt.  ( )rizaba.     [Pr.  V.] 
Seijsv,  Ar<;.  D. 

'91.    On  the  occurrence  of  certain  wewtern  plants  near  Columbus,  <  )hio. 
[Partially  B.  (i.,  1S91,  p.  155,  and  Pr.  V.] 
Shannon,  W.  P. 

^S>(\.    The  physical  geography  of  Decatur  county,  Indiana,  during  the 
Niagara  period.    [Not  pub.] 
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'>7.     A  list  of  the  fishes  of  Decatur  county,  Ind.    [I'ubliehed  privately. 
Apply  to  the  author.] 

'ST.      List  of  butterfiies  of  Decatur  county,  Ind.    [Not  pub.] 

'90.     The  occurrence  of  Veratrum  woodii  in  Decatur  county,  Ind. 
j^.MiTii,  .Vlkx. 

'*»] .     Condensation  of  acetophenone  with  ketols  by  means  of  dilute  po- 
tassium cyanide.    [Pr.  V.] 

'*»! .     C^ondensation  of  acetone  with  benzoin,  by  means  of  dilute  potassi- 
um cyanide.    [Pr.  V.] 

'91.      Pyrone  and  pyridone  derivatives  from  benzoyl-acetone.     [J*r.  V.] 

Sl»IL I.MAN,  W.  J. 

'St^      A  comparison  of  the  life  histories  of  different  forms  of  plants. 
'Sii.     The  height  of  the  atmosphere. 
'iH.K     A  refraction  rainbow. 
*9i).     Oeologifal  section  at  Vincennes. 
*<¥).     Preliminary  list  of  Knox  county  plants. 
*1>0.     Introduction  of  noxious  weeds. 
Stone,    W.  E. 

'S9.     The  carbohydrates  of  the  sweet  potato.    [Ag.  S.,  IV,  p.  :il  and  B. 

d.  c.  O.,  XXIII,  p.  140G.] 
'.s!>.     Specific  reaction  for  the  pen ta- glucoses.    [Not  pub.] 
"•H).     Notes  on  xylose.    [Not  pub.] 
'W.     On  qualitative  and  «iuantitative  reactions  for  furfurol.     [Journal 

of  Analytical  and  Applied  Chem.  V.  No.  8,  and  B.  d.  c.  G.,  X  XI V, 

p.  :W9.] 
'*»! .     The  digestibility  of  the  pentose  carbo-hydrates.     [Am.  C.  J.,  XIV, 

No.  1  and  B.  d.  c.  G..  XXV,  p.  5G3.] 
*«a.     The  action  of  phenyl-hydrazin  on  fufurol.    [Not  pub.  elsewhere.] 
.^•n^NE,  AV.  E.  and  DrMoxT  Lotz. 

TK).     On  a  pentaglucose  obtained  from  corn  cobs.  [Am.  C.  J.,  XIII,  No. 

5,  and  B.  d.  c.  G.,  XXIA^  1<)57.] 
Sheen KY,  R.  (t. 

'88.      [See  Waters,  E.  (J.] 
T\Yi-4>R,  F.  B. 

*8s.      An    objection  to  the  contraction  hypothesis  as   accounting  for 

mountains. 
'S8.     The  sun's  light. 

'$K).      The  highest  old  shoreline  on  Mackinac  Island. 
*VK).     The  effect  of  the  <  Jreat  Lakes  on  the  ice  sheet. 
Test.  Fred  C. 
'88.      A  new  kind  of  phosphorescent  organ  in  Porichthys.    [Bulletin 

Kssex  Institute,  XXI,  pp.  43-52.] 
Thom  A.s,  M.  B. 
*91.      An   apparatus  for  determining  the  periodicity  of  root  pressure. 

[B.  G.,  1892,  p.  212,  and  I'r.  V.] 
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*'.)!.    The  scales  of  Lepidoptera.    [Not  pub.] 
Thc)mi»json,  Ma  trice. 
*S5.    Mineralogical  investigation  in  Indiana. 
'ST.    The  secondary  functions  of  the  hyoid  cornua  in  Picus  and  Colaptes. 

[Chapter  on  '* Hyoid  Hints"  in  the  author's  "  Sylvan  Secrets,'* 

pp.  125-1:59,  John  B.  Alden,  N.  Y.,  1887.] 

TiX(JLEV,  E.  :M. 
'91.    [See  Moore,  J.  E.] 

TriM>R,  Jo.SKrii  H. 
'IK).    Some  features  of  the  occurrence  of  A'iola  pedata  var.  bicolor.    [Not 
pub.] 

I'lkey,  a.  B. 
'91.    A  review  of  the  Embiotocidic.     [Pr  V.] 

Underwood,  L.  M. 

'91.    The  distribution  of  tropical  ferns  in  peninsular  Florida.    Pr.  V.] 

'91.    Some  additions  to  the  state  flora  from  Putnam  county. 

'91.    Connecting  forms  among  the  polyporoid  fungi.      [Zoe,  HI,  pp. 
91-95.] 
Van  NiYs,  T.  C. 

'S8.    Estimation  of  water  in  oils.     [Not  i)ub.] 

'91.    Some  suggestions  to  teachers  of  science  or  mathematics  in  high 
schools.    [Pr.  v.] 
Van  Ni'Ys,  T.  C.  an<l  B.  F.  Adam.s. 

'8().    The  estimation  of  carbonic  acid  in  the  air.    [Am.  C.  J.,  IX.] 
Van  Nuy.s,  T.  C.  and  Rohkrt  Hes-sler. 

'88.    Researches  in  invertin  fermentation.    [Not  pub.] 
Van  Ni  yk,  T.  C.  and  R.  F.  Lyons. 

'88.    Review  of  the  methods  of  estimating  .starch  in  cereals.  [Not  pub.] 

'90.     A  new  method  for  quantitative  determination  of  albumen  in  urine. 
[Am.  C.  J.,  Xn.] 

"91.    Carbonic  acid  in  the  urine.     [Am.  C.  J.,  XIV,  and  Pr.  V.] 
Walimn  C.  \. 

'ST.    The  problem  of  the  earthquake  center.    [P.  A.  A.  A.  S.,  1888.] 
88.     A  n<)te  on  maxima  and  minima.     [Not  pub.] 

'89.     Probable  future  of  petroleum  in  southwest  Indiana.    [Indianapolis 
Journal.] 

'91.    Some  geometrical  j>roposition8. 

'91.     Notes  on  numerical  radices. 
Walker,  Cha.s. 

'8<i.    [SeeNoyes,  W.  A.] 
Wakdkr,  R.  B. 

'85.    Chemical  work  in  Indiana. 
Waters,  E.  (t.  and  J.  B.  Peddle. 

'S8.     A  new  automatic  repeater. 


Waters,  K.  ii.,  and  K.  G.  .Swkknkv. 

\S8.     A  new  switch  for  telegraph  and  telephone  use. 
WKifrrrKR,  F.  M. 

*S»i.     Some  biological  studies  of  Lixus  macer,  Say,  and  L.  concavus,  Le( '. 
[Kntomologica  Americana,  V,  pp.  11-16.] 

*>7.  An  unusual  appearance  of  Apatura  celtis  along  the  St.  Francis 
river,  in  Arkansas.    [Insect  Life,  I,  p.  29.] 

'>i7.  Drouth,  and  its  efl'ect  upon  insect  increase  and  decrease.  [NOt 
pub.] 

'S7.  Distribution  of  some  species  of  injurious  insects,  throughout  Indi- 
diana,  during  the  season  of  1H87.    [Not  pub.] 

'S7.  The  overflow  of  the  Mississippi  river  and  its  eflfect  upon  the  spe- 
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ADDRESS  BY  THE  PKESIDEXT. 


O.  P.  Hay,  Butler  T'niversity,  Irvington,  Ind. 

A  CONSIDERATION  OF  SOME  THEORIES  OF  EVOLUTION. 

We  find  in  the  physical  history  of  the  earth  an  illustration  of  evolution 
in  the  modern  sense  ^f  the  ivord,  a  progress  in  accordance  with  fixed  laws 
from  the  simple  to  the  complex,  from  the  undifferentiated  to  the  differ- 
entiated. 

That  philosophical  minds  should  suspect  that  the  world  of  organic  be- 
ings, animals  and  plants,  had  been  the  subject  of  a  similar  course  of  evo- 
lation  is  not  strange ;  and  we  find  that  such  a  suggestion  has  been  often 
and  long  ago  made.  In  modem  times  Lamarck  has  led  the  way;  but 
neither  were  his  theories  adequate,  nor  were  the  men  of  his  time  ready 
to  abandon  their  ancient  conceptions.  But  when,  in  1859.  Darwin  and 
Wallace  published  the  results  of  their  inde])endently  pursued  studies  and 
proposed  a  theory,  definite  and  supported  by  a  multitude  of  facts,  their 
works  attracted  immediate  and  sustained  attention.  It  is  doubtful  if  an} 
doctrine  so  subversive  of  universally  accepted  ideas  has  ever,  in  so  short 
a  time,  received  the  recognition  of  so  many  of  the  educated  and  thought- 
ful minds  of  the  world. 

The  doctrine  of  organic  evolution,  which  attempts  to  explain  the  vari- 
ous differences  and  resemblances  which  exist  among  organic  beings,  de- 
pends on  two  laws,  heredity  and  txiriahUity.  The  one  law  ordains  that  the 
living  thing  shall  possess  the  essential  characters  of  its  parent  or  parents; 
the  other  law  that  it  shall  depart  from  those  characters  to  a  greater  or 
less  extent.  Neither  law  can  be  questioned  by  anybody ;  only  the  extent 
to  which  the  one  law  prevails  over  the  other  is  in  dispute.  The  evolu- 
tionists maintain  that  the  law  of  variability  may  prevail  over  heredity 
to  such  an  extent  that  after  a  };reater  or  less  number  of  generations,  the 
deviations  from  the  original  form  and  structure  may  be  so  great  that  a 
new  species  may  be  produced. 

In  the  attempt  to  explain  how  it  is  that  new  species  originate,  Darwin 
and  Wallare  hit  upon  the  idea  of  "  natural  selection."    In  nature  no  two 
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individuals  of  a  species  are  just  alike.  Each  varies  in  some  slight  respect 
from  the  tyi^c.  Of  these  variations,  some  may  be  in<Hfferent,  some  use- 
ful, some  harmful.  Recording  to  these  authors,  these  variations  may 
affect  all  parts  of  the  body,  the  form,  the  size  and  strength  of  single 
organs,  color,  or  mental  (lualities.  Again,  all  species  tend  to  increase 
beyond  the  limits  of  space  and  food  supply.  From  this  latter  cause  there 
arises  between  the  members  of  any  species  a  struggle  for  existence.  More- 
over, all  species  are  warred  upon  by  many  others,  by  which  their  food  is 
appropriated  aud  through  whi<h  they  themselves  may  be  appropriated 
as  food.  In  such  a  dire  struggle  it  is,  on  the  average,  the  best  endow^ed 
individuals  that  will  succeed  in  maintaining  themselves  and  in  produc- 
ing offspring  to  inherit  their  useful  characters ;  that  is,  the  most  vigorous 
individuals,  those  which  have  developed  in  the  highest  degree  weapons 
of  offense  and  defense,  or  protective  colors,  or  the  greatest  cunning.  The 
weakest,  the  most  exposed,  the  most  stupid,  will  perish  and  leave  few  or 
no  young.  From  all  the  young  produced  by  every  species  there  is  thus  a 
constant  and  unsparing  selection  being  made  in  favor  of  those  individ- 
uals which  can  best  endure  the  stress  of  the  conditions.  Hence  the 
meaning  of  Darwin'.s  phrase  "  natural  selection,"  and  of  that  used  by 
Spencer,  "survival  of  the  fittest."  Through  the  selection,  for  many  gen- 
erations, of  the  individuals  possessing  certain  beneti<ial  characters,  these 
at  length  become  fixed  in  the  organization  and  strengthened  until  the 
organism  is  no  longer  what  it  was,  but  may  have  departed  widely  there- 
from. Since  success  in  the  struggle  is  constantly  demanding  greater 
strength  of  limb  and  body,  more  efficient  organs  for  each  function,  more 
weapons  for  assailing  and  repelling,  more  perfectly  protective  coloration, 
the  general  tendency  of  evolution  has  been  upward;  but  the  vigor  with 
which  the  battle  is  waged  may  result  in  driving  some  species  into  such 
situations  that  deireneration  may  occur.  Such  are  many  burrowing  ani- 
mals and  most  parasites. 

This  process  of  natural  selection  is  therefore  quite  similar  to  the  artifi- 
cial selection  which  is  practiced  by  breeders  in  their  effort  to  develop  new 
varieties  of  animals  and  plants.  Those  individuals  are  select(?d  which 
possess  in  the  highest  decree  th<'  desired  (|uality ;  they  are  crossed  with 
others  having,  if  possible,  the  same  quality,  and  the  offspring  of  the  pair 
are  treated  in  the  same  manner,  until  the  character  sought  is  fuKy  devel- 
oped. 

The  rigorousness  of  the  selective  process  that  is  going  on  in  nature  can 
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hardly  be  appreciated  by  one  who  has  not  given  attention  to  tlie  matter. 
To  a  casual  «>b8erver,  it  may  appear  as  if  the  most  worthless  individual.^ 
got  a  living,  while  the  better  perished.  The  well-favored  do  often  suc- 
'  umb,  and  in  ordinary  times  the  weak  may  escape ;  but  when  periods  of 
sreat  food-scarcity,  or  of  intense  heat  or  cold,  or  of  drought  come,  then 
the  weak  perish  miserably.  The  eggs  produced  by  some  tishes  reach  into 
the  millions.  Could  each  one  develop  into  an  adult  fish,  which  should 
in  its  turn  give  origin  to  an  equal  number  of  offspring,  a  very  few  years 
would  surtice  to  fill  all  the  seas  with  that  fish.  As  it  is,  only  perhaps  one 
egg  in  a  million  becomes  an  adult  fish.  The  least  protected  eggs  are 
swallowed  by  enemifes,  the  weakest  young  fishes  die  from  disease  and  ex- 
poaure,  while  only  the  most  vigorous  escape. 

Our  wild  rabbits  produce  several  young  at  a  litter  and  a  number  of  lit- 
lens  each  year;  yet  the  number  of  rabbits  does  not,  on  an  average,  in- 
crease. As  many  rabbits  must  therefore  die  each  year  as  are  born,  and 
they  seldom  die  of  old  age.  Dogs  and  men,  extreme  cold  and  hunger, 
carry  them  ott*  by  thousands.  Is  there  not  here  abundant  opportunity 
for  the  development  of  swiftness  of  toot,  acuteness  of  eye  and  ear,  and  of 
endurance  ? 

As  long  as  the  environment  remains  about  the  same,  little  or  no  change 
may  occur  in  the  structure  or  specific  characters  of  animals;  but  the 
whole  organization  is  kept  up  to  the  highest  grade  of  efficiency.  Should 
there,  however,  be  a  gradual  change  in  the  conditions  under  which  any 
animal  is  living,  there  would  come  about  a  corresponding  change  in  the 
animal  itself.  Should  there,  for  example,  be  developed  a  gradual  increase 
in  the  speed  of  our  dogs,  there  would,  I  doubt  not,  occur  a  t^orrespondinjr 
improvement  in  the  swiftness  of  our  rabbits.  I  can  see  no  reason  for 
supposing  that  natural  selection  would  not  have  the  same  effect  here  as 
man's  selection  does  in  the  case  of  trotting  horses. 

Darwin's  theory  of  natural  selection  was  based  almost  entirely  on  ob- 
servations  made  on  domesticated  animals  and  plants.    Organisms  in  a 
state  of  nature  did  not  seem  to  him  to  be  subject  to  such   frequent  and 
extensive   variations.     We  are  only  now  beginning'  to  appreciate  how 
numerous  and  how  importiint  these  variations  are.    They  do  not  allect  in 
onlv  a  slight  degree  a  single  organ  of  one   individual  in  a  decade  or  a 
century,    but  probably  every  or^an  of  every  individual,   and  to  a  very 
appreciable  extent.  The  proverbial  unlikeness  of  the  individuals  of  every 
5pe<.'ie8  is  due  to  this  variation.     Wallace,  in  his  *  Darw^inism  ''  has  given 


US  most  impressive  illustrations  of  this  variation.  >[ost  of  these  illus- 
trations have  been  drawn  from  the  publications  of  our  countryman,  Dr. 
J.  A.  Allen,  and  relate  to  the  winter  birds  of  Florida.  Allen  made  large 
collections  and  took  accurate  measurements  of  thof^e  portions  of  the  body 
which  are  especially  depended  upon  by  naturalists  in  determining  species, 
the  length  of  body,  wings,  tail,  tarsus,  toes,  and  bill.  All  these  parts  were 
found  to  vary  independently  of  one  another,  and  the  variations  from  the 
mean  length  often  amounted  to  from  12  to  25  per  cent,  of  the  mean  length. 
While,  too,  most  of  the  parts  measured  were  not  far  from  the  mean  on 
each  side,  yet  there  were  always  a  considerable  number  of  individuals  of 
each  species  that  furnished  measurements  wide  of  the  mean.  The  same 
principle  is  shown  by  Wallace  to  hold  good  among  such  lizards  and 
mammals  as  have  been  studied.  What  is  greatly  needed  is  more  extended 
observations  among  all  classes  of  animals.  I  have  examined  some  of  our 
common  snakes  with  reference  to  this  matter  of  variation.  We  get  the 
specific  characters  among  snakes  from  the  number  of  rows  of  scales  across 
the  back,  the  number  broad  plates  along  the  abdomen  and  on  the  tail, 
and  from  the  kind  and  arrangement  of  the  colors.  Anybody  who  has 
studied  snakes  has  soon  learned  how  extremely  variable  are  their  colors. 
Among  specimens  of  the  spreading  adder,  for  example,  may  be  found 
snakes  of  a  plain  gray  or  olive  color  without  other  markings,  snakes  with 
mere  indications  of  blotches,  snakes  with  most  conspicuous  spots  of  bright 
red  or  yellow  and  black,  and  snakes  which  are  plain  black.  The  other 
characters  vary  to  a  perplexing  extent.  What  are  merely  individual,  or 
at  most,  varietal  peculiarities,  have  often  furnished  the  basis  for  new 
species.  In  order  to  bring  before  you  the  range  of  the  variations  in  im- 
portant parts  of  these  animals,  I  present  the  results  of  estimates  which 
show  how  four  species  of  our  common  snakes  vary.^ 

These  are  the  common  garter  snake  (EtUainiti  mialw)^  the  black  snake 
{Bancnnuyn  coiuUricior) ^  the  smooth,  green  snake  {Cydophix  venialv*)^  and 
the  Ting-necked  enake  {I>ia4jlophi8  pundatiis.)  From  these  it  appears  that 
in  the  number  of  the  body  vertebrae  the  garter  snake  varies  from  the  aver- 
age to  the  extent  of  14  per  cent.,  the  black  snake  6  per  cent.,  the  green  snake 
only  4.5  per  cent,  and  the  ring  necked  snake  13  per  cent.  In  number  of 
caudal  vertebrae,  the  garter  snake  varies  35  per  cent.,  the  black  snake  20 


'^  The  results  here  Riven  have  been  deduced  from  the  tables  of  xneasurements  and 
counts  of  ventral  and  caudal  plates  given  In  Balrd  and  (iirarda  "  Serpeuts  of  North 
Ameri<'a."  Any  conHldurablc  collection  of  the  species  above  studied  would  furnish 
Htm  greater  deviations  from  the  means. 


per  cent.,  the  green  snake  23  per  cent.,  and  the  ring-necked  enake  23.5  per 
cent.  In  proportion  of  tail  to  hody  the  garter  snake  varies  9.4  per  cent., 
the  black  snake  28  per  cent.,  the  green  snake  25  per  cent.,  and  the  ring- 
necked  snake  over  :^5  per  cent.  There  is  scarcely  a  doubt  that  every 
character  in  each  of  these  species  will  be  found  to  be  as  unstable  as  those 
which  have  been  studied.  And  it  must  be  observed,  too,  that  each  of  the 
characters  varies  independently  of  the  others,  so  that  we  may  get  any 
combination  that  we  mav  want.  If  breeders  should  find  it  to  their  inter- 
ests  to  raise  a  varied  assortment  of  black  snakes  they  could,  doubtless,  by 
careful  selection  and  crossing,  produce  short- bodied  snakes  with  long 
tails,  long-bodied  snakes  with  short  tails,  or  snakes  extremely  short  or 
very  long  in  both  parts.  Much  more  might  we  expect  that  natural  se- 
lection, which  has  more  abundant  materials  to  work  upon  and  unlimited 
time,  should  be  able  to  produce  varieties  and  species  to  suit  the  require- 
ments of  the  changing  conditions  of  geological  periods. 

While  the  main  proposition  of  Darwin  and  Wallace  that  species  arise 
from  earlier  species  by  descent  with  modification,  has  been  almost  unani- 
monaly  accepted  by  the  scientific  world,  a  number  of  scientific  authorities 
have,  within  recent  years  expressed  more  or  less  dissatisfaction  with  the 
prominence  that  Darwin  and  AVallace  and  their  followers  have  given  to 
the  doctrine  of  Xatural  Selection  as  an  explanation  of  organic  evolution. 
This  dissent  has  expressed  itself  in  degrees  from  questioning,  whether  or 
not  natural  selection  has  been  the  only  factor  concerned,  to  open  decla- 
rations that  it  has  had  little  or  nothing  to  do  with  evolution.  ( >f  course, 
those  who  deny  the  efiiciency  of  selection  to  transform  species  endeavor 
to  find  some  other  principles  or  forces  which,  in  their  estimation,  act  as 
efficient  causes,  and  thus  we  are  beginning  to  witness  the  evolution  of 
various  schools  of  evolution.  And  here  it  seems  proper,  as  a  matter  of 
justice  to  Darwin,  to  deny  that  he,  at  least  in  his  later  works,  maintained 
that  natural  selection  is  the  only  influence  at  work  to  bring  about  changes 
in  organisms.  One  cannot  read  his  works  with  even  moderate  attention 
without  recognizing  that  he  admitted  the  operation  of  the  very  forces 
and  principles  that  many  of  these  later  evolutionists  rely  on  to  explain 
the  phenomena  of  organic  change.  <  )nly  Darwin  did  not  assign  the  same 
high  value  to  these  factors  that  some  authors  do  now.  Wallace,  on  the 
other  hand,  in  his  latest  work  advocates  the  earlier  position  of  Darwin, 
and  stands  for  what  he  calls  the  "overwhelming  importance  of  Natural 
Selection  over  all  other  agencies  in  the  production  of  new  species.'*' 
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Now,  it  iiiiitters  not  the  degree  of  iniportance  that  we  give  to  Natural 
Selection  as  a  principle  in  organic  evolution,  it  does  not  appear  that  we 
can  regard  it  as  furnishing  a  final  solution  of  the  phenomena  to  be  ex- 
]>lained.  This  objection  has  been  justly  urged:  Natural  selection  acts 
only  on  characters  which  have  been  already  produced  and  have  become 
either  useful  or  hurtful.  By  what  means  have  they  been  produced? 
liefofe  they  can  be  selected  they  must  exist;  what  principles  or  forces 
gave  them  their  existence?  It  has  been  urged  that  if  there  are  infiuenoes 
that  can  bring  characters  up  to  the  stage  where  selection  can  begin  to  act 
on  them,  the  same  influences  might  continue  to  perfect  them.  I>arwin 
saw  the  situation  clearlv.  He  savs,  in  his '*  Descent  of  Man:  "  "With 
respect  to  the  causes  of  variability,  we  are  in  all  cases  very  ignorant,  but 
we  can  see  that  in  man,  as  in  the  lower  animals,  they  stand  in  some 
relation  with  the  conditions  to  which  each  species  has  been  exposed  dur- 
ing several  generations."  He  then  mentions,  as  some  of  the  probable 
causes  of  chanjie,  the  direct  and  definite  action  of  changed  conditions,  the 
efiects  of  increased  use  and  disuse  of  parts,  arrests  of  development,  corre- 
lated variations,  iV:r.  Tnder  such  circumstances  it  becomes  a  legitimate 
subject  of  inquiry  what  those  forces  and  conditions  are  which  have  been 
active  in  initiating  changes  in  organisms,  and  what  effect,  if  any.  Natural 
Selection  has  had  in  perpetuating  and  accumulating  these  now  characters 
and  of  repressing  others. 

One  of  the  most  recent  and  most  thoroughly  elaborated  attempth^  to  ac- 
count for  the  variations  of  organisms  is  that  of  Dr.  Aug.  Weismann.  It 
in  presented  in  a  series  of  lectures  delivered  between  the  years  1880  and 
1890.  The  fundamental  idea  of  his  theory  he  has  denominated  'Uhc  con- 
tinuiUi  of  the  germ-plattm.^^  All  except  the  lowest  animals  are  produced 
from  eggs,  which  are  essentially  collss.  When  the  egg  is  fertilized,  it  de- 
velops into  an  embryo  by  a  process  of  division  which  leads  to  the  pro- 
duction of  an  immense  number  of  cells.  These,  becoming  more  and  more 
differentiated  in  definite  ways,  form  the  tissues  and  organs  of  the  adult 
being.  Thus,  from  a  simple  ejj^g  there  arises  an  animal  which  inherits 
the  general  features  of  the  parent  and  even  many  of  its  minor  peculiari- 
ties of  form  and  habits.  .\t  some  time  during  embryonic  development 
there  are  6ei)arated  from  the  other  cells  of  the  organism  certain  cells 
which  in  due  season  develoj)  into  eggs,  as  a  provision  for  the  continua- 
tion of  the  species.  It  appears  hitherto  to  have  been  assumed  that  the 
materials  of  these  eggs,  or  germ-cells,  is  derived  by  some  process  of  trans- 


formation  from  that  composing  the  ordinary,  but  not  yet  greatly  modi- 
fied, cells  of  the  body.  J)r.  Weismann,  on  the  other  hand,  maintains 
that  the  egg,  or  more  exactly  the  nucleus  of  the  egg,  contains  a  substance, 
his  gfrm-j»iasm,  which  posBesses  a  peculiar  chemical,  and  more  especially 
molet^alar,  structure,  and  which  is  the  bearer  of  "  the  whole  of  the  inher- 
ited tendencies  of  development.*'  In  the  process  of  the  development  of 
the  embryo,  not  all  of  this  germ  plasm  is  consumed  in  the  construction 
of  the  body ;  but  a  small  portion  is  set  aside  and  remains  in  the  body  of 
the  embryo  unchanged,  and  destined  to  enter  at  the  end  into  the  forma- 
tion of  the  eggs  which  shall  give  being  to  the  next  generation.  The  ma- 
terials of  the  body  cells  Weismann  calls  nomaloplasm,  to  distinguish  it  from 
the  germ-plasm.  The  germ-plasm,  although  borne  about  in  the  body  of 
the  organism  that  in  time  will  produce  oirspring,  and  though  nourished 
by  its  somatoplasm,  is  wholly  distinct  from  the  latter,  and  is  very  slightly 
if  at  all  affected  by  it.  Weismann  says  of  it:  "  The  germ-plasm,  or  idio- 
plasm of  the  germ-cell,  certainly  i>08seHse8  an  exceedingly  romplex  min" 
tite  structure,  but  it  is  nevertheless  a  substance  of  extreme  stability,  for 
it  absorbs  nourishment  and  grows  enormously  without  the  least  change 
in  its  complex  molecular  structure."  Weismann  even  maintains  that 
this  reproducti<m  of  the  germ  pla.«ni  without  chan^ie  may  go  on  for  thou- 
sands of  years,  lie  has  compared  the  germ  plasm  to  a  creejiing  root- 
stock  which  at  intervals  sends  u])  a  vigorous  shoot.  The  shoot  nourishes 
for  awhile  and  dies,  but  the  rootstock  survives,  to  produce  other  shoots 
in  indefinite  number.    The  germ-plasm  enjoys  a  sort  of  immortality. 

The  cause  of  hereditv  has  alwavs  been  a  mvsterv.  How  is  it  that  a 
cell  which  has  not  the  sli-jhtest  resemblance  to  the  animal  that  j)roduced 
it  can  go  through  a  complicated  series  of  divisions  and  transformations 
and  at  last  gradually.  l)ut  unerringly,  rejiroduce  even  to  minute  details 
the  structiire  and  form  of  the  parent?  How  is  it  that  two  eggs,  indistin- 
guishable from  each  other,  but  laid  by  diflferent  animals,  (leveloi)ing  per- 
haps under  identical  circumstances,  can  reproduce  exact  copies  of  their 
respective  parents?  Darwin  attempted  to  give  an  explanation  by  assum- 
ing that  each  cell  of  any  organism  emits  minute  particles,  called  by  him 
gemmulefif  which  enter  the  germ-cells  and  become  there  representatives  of 
the  cells  of  the  whole  body.  The  germ-cells  must  according  to  this  the- 
ory contain  millions  of  gemmules.  When  development  of  the  ^i:^^  occurs 
the  contained  gemmules  determine  the  reproduction  of  their  respective 
cells  in  due  order  of  time,  ])lace,  and  form.     When  any  part  of  the  body 
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of  the  parent  has  andergone  variation,  this  will  be  represented  in  the  egg 
by  the  gemmules  of  the  part  and  may  thereby  be  inherited.  The  im- 
mense number  of  gemmules  required  to  effect  .the  results,  as  well  as  the 
lack  of  eutiicient  evidence  of  a  positive  kind  in  favor  of  Darwin's  theory, 
have  prevented  its  general  acceptance. 

On  Weismann's  theory,  heredity  follows  from  the  assumption  that  both 
parent  and  offspring  are  derived  from  the  same  mass  of  germ  plasm. 
That  which  had  given  origin  to  the  parent  mast  be  expected  to  develop 
into  a  similar  organism  in  the  offspring.  That  the  germ-plasm  develops 
into  the  peculiar  structure  and  form  of  both  is  due  to  its  molecular  struc- 
ture, the  resuk  of  gradual  modifications  which  have  been  accumulating 
during  the  ages  that  have  elapsed  since  their  earliest  ancestor  received 
its  being. 

Some  extremely  important  conclusions  issue  from  the  acceptance  of 
this  theory  of  Weismann's.  If  the  germ-plasm,  borne  about  in  the  body 
of  any  organism,  protected  and  nourished  by  it,  does  not  have  its  mole- 
cular constitution,  on  which  the  character  of  the  offspring  depends,  at 
all  affected  by  the  state  of  the  parent's  body  then  none  of  what  are  called 
acquired  characters  can  be  transmitted  from  one  generation  to  another. 
This  fact,  if  fact  it  be,  striken  at  the  very  root  of  other  promising  theo- 
ries. Then  none  of  the  results  of  the  use  and  disuse  of  organs  will  be 
transmitted;  none  of  the  direct  effects  of  the  climate  or  soil,  or  any  of  the 
environment  on  the  body  of  the  parent,  will  show  in  the  descendants ; 
nor  will  any  mutilations  be  inherited.  The  heat  or  the  cold,  the  drought 
.  or  the  rtood,  may  produce  the  most  profound  effects  on  the  animal  or  the 
plant,  in  the  way  of  altering  its  form  or  structure  or  color,  but  the  off- 
spring will  not  directly  inherit  any  of  these  results. 

Since,  however,  AVeismann  firmly  believes  that  existing  species  have 
been  derived  from  older  species  by  descent  and  modification,  how  does 
he  account  for  the  variations  that  must  have  arisen  ?  This  is  done  on  the 
theory  of  t^erual  miiiure.  The  germ-plasm  of  every  individual  of  every 
species  has  certain  ]>eculiarities,  which  are  passed  on,  with  greater  or  less 
intensity,  to  the  next  generation.  The  male  animal  or  plant  has  certain 
hereditary  tendencies,  that  of  the  female  different  tendencie»!».  When  the 
germ-cells  of  the  two  individuals  have  united,  an  organism  develops  that 
is  different  in  some  respects  from  both  the  parents,  being,  as  Weismann 
expresses  it,  a  compromise  between  the  two  developmental  tendencies. 
Since  the  numbers  of  individuals  of  every  species  are  numerous  and  no 
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two  are  alike,  new  combinations  of  the  germ-plasm  are  continually  aris- 
ing, and  these  express  themselves  in  still  other  individuals  which  are 
different  from  any  that  have  ever  lived.  Amid  all  these  variations,  which 
indeed  will  affect  every  organ,  are  some  which  are  hurtful  to  the  organ- 
ism, and  others  which  are  advantageous.  Such  variations  will  come 
under  the  influence  of  natural  selection,  the  indi\ddual8  possessing  hurt- 
ful variations  being  destroyed,  those  with  advantageous  variations  being 
preserved  and  made  the  means  of  transmitting  on  to  future  generations 
the  improvement.  Organic  evolution,  then,  according  to  Weismann,  de- 
pends on  two  factors,  variation  brought  about  by  sexual  mixture,  and 
natural  selection.  Indeed,  according  to  him,  the  production  of  variations 
that  may  be  inherited  constitutes  the  whole  significance  of  sex ;  it  is  sim- 
ply a  device  of  nature  for  the  origination  of  variations  through  which 
natural  selection  may  effect  improvement.  As  a  corollary  from  this  prop- 
osition Weismann  deduces  the  conclusion  that  any  organisms  which  do 
not  reproduce  sexually,  such  as  certain  parthenogenetic  insects  and  crus- 
tai-eana, .cannot  undergo  variation;  and  should  their  environment  change 
to  any  considerable  degree  they  must  perish.  However,  since  the  publi- 
cation of  his  lectures,  Weismann  has  been  (compelled  to  recede  from  this 
Iiosition. 

But  if  it  be  true  that  external  influences  have  had  nothing  directly  to 
do  in  bringing  about  inheritable  changes  in  organisms,  and  if  the  species 
of  one  age  have  descended  from  more  ancient  species,  how  did  the  hered- 
itary individual  differences  arise  in  the  beginning?  AVith  most  other 
evolutionists  he  believes  that  the  Metazoa  have  been  derived  from  the' 
Protozoa.  In  the  Protozoa,  there  is  no  reproduction  by  means  of  eggs. 
The  animal  is  at  once  parent  and  egg.  When  reproduction  occurs,  it  is 
usually  accomplished  by  the  division  of  the  animal  into  two  portions  of 
equal  size  and  similar  form,  so  that  it  is  impossible  to  say  that  either  is 
parent  or  offspring.  Each  part  reproduces  in  a  similar  way ;  and  since 
there  appears  to  be  no  reason  why,  in  case  the  environment  remains 
favotable,  any  of  the  products  of  division  should  ever  die,  Weismann  re- 
^rds  them  all  as  having  potential  immortality. 

It  must  be  remembered  now  that  Weismann  admits  that  external  forces 
and  conditions,  as  well  as  the  use  and  disuse  of  organs,  may  affect  pro- 
foundly the  organization  of  even  the  higher  animals,  although  he  denies 
that  any  of  the  direct  effects  will  be  passed  on  the  next  generation.  In 
like  manner  the  Pr*ytiyzoon  is  influenced  by  external  conditions  and  would 
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have  changes  wrought  in  its  body.  Now  since  its  body  is  at  the  same  time 
the  reprodnciiif  eJemetUy  whatever  modifications  have  arisen  in  the  body 
would  be  inherited  by  the  two  portions  into  which  it  would  divide.  "  If," 
says  Weismann,  "  a  Protozoon,  by  constantly  strujrgling  against  the  me- 
chanical influence  of  currents  in  water,  were  to  gain  a  somewhat  denser 
and  more  resistant  protoplasm,  or  were  to  acquire  the  power  of  adhering 
more  strongly  than  the  other  individuals  of  his  species,  the  peculiarity 
in  question  would  be  directly  continued  on  into  its  two  descendants,  for 
the  latter  are  at  first  nothing  more  than  the  two  halves  of  tho  former." 
By  the  time,  therefore,  that  some  of  the  Protozoa,  through  more  and  more 
intimate  association  into  colonies,  by  differentiations  of  the  cells  for  the 
performance  of  different  functions,  and  the  production  of  germ-celln  as 
distinguished  from  the  body-cells,  became  modified  into  the  primitive 
Metazoa,  those  individual  differences  had  arisen  which,  constantly  multi- 
plied ever  since  by  sexual  mixture,  have  furnished  the  materials  on 
which  Natural  .Selection  has  worked  to  produce  all  the  living  animal 
forms  that  now  exist. 

It  must  be  understood  that,  as  regards  the  reproductive  elements  of  the 
higher  animals,  Weismann  contends  for  the  continuity  of  the  germ-j^^jwi, 
not  for  that  of  the  zeTmcelh.  Embryology  proves  that  the  latter  cannot 
be  maintained.  As  Weismann  says,  "  continuity  of  the  germ-cells  does 
not  now  take  place,  except  in  very  rare  instances.*'  In  certain  insects 
there  are,  at  the  very  beginning  of  development,  a  few  cells  8eparate<l 
from  the  others  and  afterwards  received  into  the  body  of  the  embryo,  in 
order  later  to  develop  into  eggs.  In  some  crustaceans,  the  germ-cells  be- 
<ome  distinct  when  about  thirty  cells  have  been  produced.  In  verte- 
brates they  do  not  usually  become  distinct  from  those  composing  the  body 
until  the  embryo  has  been  completely  fonued.  Among  the  Hydroids,  re- 
production occurs  largely  by  budding.  The  buds  may  develop  into  inde- 
pendent bodies,  jelly  fishes,  which  swimming  away  and  attaining  a  large 
si/e,  give  origin  to  the  germ  cells.  These  do  not  make  their  a])pearance 
until  after  hundreds  and  thousands  of  cell -generations  have  been  passed 
through.  They  arise  originally  from  certain  cells  of  the  ectoderm,  but 
make  long  migrationn  to  the  places  where  they  finally  undergo  develop- 
ment into  perfect  eggs.  Among  plants,  a  fertilized  ovule  gives  origin  to 
an  embryo.  This  may  develop  into  a  large  tree,  which  finally  will,  at  the 
tips  of  Inauches  a  hundred  feet  away,  ])roduce  new  ovules.  Through 
millions  of  cells  the  germ-plasm  must  have  made  its  way  to  reach  those 
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terminal  buds.  And  the  cells  must  contain  this  precious  substance  with- 
<»at  showing  its  presence.  Weismann  says,  "  It  is  therefore  clear  that  all 
the  cells  of  the  embryo  must  for  a  long  time  function  as  somatic  cells ; 
and  none  of  them  can  be  reserved  as  germ-cells  and  nothing  else."  How 
then  does  he  explain  the  transferrence,  through  such  lon«;  distances,  of 
the  germ- plasm  ?  ,  Referring  to  the  Ilydroids  he  says :  "  I  concluded  that 
the  jrerin-plaam  is  present  in  a  very  finely  divided  and  therefore  invisible 
state  in  certain  somatic  cells  from  the  very  beirinning  of  embryonic  de- 
velopment, and  that  it  is  transmitted  throu^di  innumerable  cell- genera- 
tions to  those  remote  individuals  of  the  colony  in  which  the  sexual  pro- 
ducts are  fonned." 

But  this  transportation  of  the  germ-plasm  through  so  many  gonerationn 
of  cells  is  by  no  means  the  only  difficulty  that  besets  Weismann's  theory. 
There  is  a  niimberof  plants,  among  them  the  begonia,  which  may  be  pro- 
pagated from  pieces  of  the  leaves.  It  would  almost  appear  as  if  single 
cells  of  the  leaf  would  reproduce  the  plant  i)erfe(tly.  Among  the  ferns 
it  is  no  uncommon  thing  for  new  plants  to  spring  from  the  surface  of  the 
leaves  or  of  the  stalks.  Among  mosses  almost  any  cell  of  the  root-hairs 
will  develop  into  new  plants.  As  pointed  out  by  Strassburger,  the  germ- 
planm  must,  in  these  cases,  not  merely  travel  through  the  plant  to  the 
reprxxfuctire  orgnns^,  but  be  widely  diffused  throughout  every  part  of  the 
plant,  and  Weismann  admits  that  this  is  the  case.  Similar  phenomena 
occur  among  animals.  If  the  fresh  water  Hydra  is  divided  into  two  pieces, 
each  will  develop  into  a  perfect  llytJrn.  Trembly,  in  his  experiments  on 
these  things,  minced  some  of  them  into  as  small  pieces  as  he  could,  and 
almost  every  piece  developed  into  a  perfect  animal.  It  is  stated  that  as 
many  as  forty  were  thus  reproduced  from  a  single  one.  When  certain 
worms  are  cut  in  two,  each  part  develops  into  a  perfe<-t  individual.  All 
animals  show  some  power  of  reproducing  lost  and  injured  parts.  How 
shall  we  explain  these  facts  of  reproduction  and  restoration?  Is  the 
restoration  of  the  hydra  due  to  the  presence  of  germ-i)lasm  or  not?  If  it 
is  claimed  that  it  is  due  to  the  germ-plasm,  it  may  be  re])lied  that  it  has 
not  reproduced  the  animal,  but  only  a  part,  that  i)art  which  was  missing, 
it  may  be  the  half  of  it  or  the  greater  part  of  it.  When  the  worm  is  cut 
in  two  one  cut  surface  may  develop  a  new  tail,  the  other  surface  a  new 
head.  Had  the  cut  been  made  the  thickness  of  a  cell  further  forward, 
those  cells  that  in  the  first  case  engaged  in  develoi)ing  a  new  head  would 
probably  as  readily  have  gone  to  work  to  produce  a  new  tail.     I>oes  germ- 
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plasm  possess  the  power  of  reproducing  the  whole  animal,  or  the  head  end 
or  the  tail  end,  according  to  circumstances?  If  the  germ* plasm  is  con- 
cerned in  these  restorations  of  i)arts,  we  can  hardly  exclude  it  from  other 
cases  of  restorations,  and  this  will  lead  iis  to  the  admission  that  germ- 
plasm  is  present  in  nearly  all  the  tissues  of  all  animals.  If  the  ponltion 
is  taken  that  the  germ-plasm  is  not  concerned  in  the  c^ses  that  have  been 
referred  to,  but  some  degraded  product  of  germ-]>la8m,  then  we  may  say 
that  such  materials  have  powers  curiously  similar  to  those  of  germ-plasm 
itself,  but  even  more  wonderful.  To  what  extent  is  the  material  of  the 
cells  of  the  cut  surface  of  the  worm  different  from  that  of  germ- plasm 
itself,  when  those  cells  have  the  inherited  power  to  produce  either  head 
or  tail  as  demanded  by  the  needs  of  the  worm?  If  the  molecular  struct- 
ure of  germ-cells  and  of  body-cells  is  so  similar,  is  it  impossible  that  some 
of  the  body-cells  may  undergo  re  transformation  into  germ-cells  ?  Further- 
more, whether  this  suppositious  reproductive  material  is  or  is  not  con- 
cerned in  the  restoration  of  the  minced  hydra  it  must,  if  it  exists  at  all, 
be  present  in  all  the  cells.  For,  so  far  as  we  may  judge,  each  hydra  that 
has  grown  from  a  minute  bit  of  hydra  is  capable  of  giving  origin,  when 
divided,  to  many  new  hydras,  and  these  to  others  indefinitely.  Since  the 
last  of  such  a  series  would,  without  doubt,  be  able  to  produce  eggs  the 
germ-plasm  must  have  been  contained  in  all  the  cells  of  all  the  series. 

AVeismann's  conception  is  that  the  highly  organized  germ-plasm  found 
in  the  nucleus  is,  after  the  first  division,  no  longer  what  it  was  before, 
except  that  part  which  has  been  reserved, — is  indeed  no  longer  germ-plasm 
at  all.  At  each  subsequent  division  its  structure  becomes  simpler  as  it 
gives  origin  to  more  and  more  complex  tissues ;  that  is,  its  energy  runs 
down  as  it  does  work  in  forming  tissues.  He  claims  that,  when  the  germ- 
plasm  has  thus  become  simplified,  its  character  as  germ-plasm  can  never 
be  restored.  It  might  be  supposed  that,  if  we  could  find  any  cells  which, 
having  once  formed  a  part  of  any  body-tissue,  should  take  upon  itself  the 
powers  of  a  reproductive  cell,  Weismann's  theory  would  stand  disproved. 
We  then  direct  attention  to  the  somatic  cells  of  hydroids  which  develop 
into  eggs.  But  Weismann  accounts  for  this  by  supposing  that  the  germ- 
plasm  enters  the  cells  and  takes  the  place  of  the  germ-plasm. 

However,  it  appears  to  me  that  it  must  be  admitted  that  the  germ- 
plasm  is  so  widely  difi'used  through  the  tissues  of  many,  if  not  all,  organ- 
isms, and  is  so  much  like  the  substance  of  many  other  cells  in  its  repro- 
ductive i)0wers,  as  to  make  it  doubtful  whether  there  is  any  such  dis- 
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tinct  material.  We  may  not  be  able  to  prove  that  it  does  not  exist,  bat 
we  may  do  as  we  do  with  other  ghosts,  prove  the  superflnoasness  of  its 
existence.  It  is  indeed  a  wonderful  property  that  is  possessed  by  the 
germ-cells  of  the  animal,  that  of  reprodacing  the  form,  organs,  tissues, 
and  millions  of  cells  of  the  parent ;  but  the  cells  that  can  re])roduce  the 
severed  head  of  any  animal,  with  its  many  sense  organs,  appear  to  me  to 
possess  a  property  even  more  wonderful.  For  the  germ-cell  has  a  struc- 
ture and  corresponding  capacities  which  are  the  ingrained  results  of 
countless  repetitions  of  the  act  of  reproduction,  while  nothing  of  this 
kind  can  be  said  with  regard  to  the  cells  which  reproduce  the  head,  or 
the  tail,  or  the  foot.  It  looks  as  if  every  cell  of  the  whole  body  were 
originally  endowed  with  the  capability  of  reproducing  all  the  others  in 
due  order;  an  if,  indeed,  something  like  Darwin's  theory  of  iiangenesis 
were  really  true.  Through  subsetiuent  high  differentiation  of  structure, 
or  through  unfavorable  surroundings,  the  cells  may  not  be  able  to  accom- 
plish the  restoration,  but  they  show  that  they  possess  at  least  a  memory 
of  their  old  duties. 

In  his  last  essay,  that  which  treats  of  the  transmission  of  acquired 
characters,  Weismann  reasserts  strongly  their  non-transmissibility,  be 
they  produced  in  any  way  whatever.  At  the  same  time,  he  seems  to  me 
to  introduce  a  new  explanation  of  variation,  and  to  make  admis<iions 
which  may  prove  fatal  to  his  theory.  It  must  be  recollected  that  Weis- 
mann has  been  contending  for  the  stability  of  the  germ-plasm;  that,  in 
order  to  account  for  the  variations  that  individuals  show,  he  has  invoked 
the  agency  of  sexual  mixture,  which  he  regards  as  an  invention  (»f  nature 
for  that  special  purpose;  that  he  has  claimed  that  animals  reprodacing 
by  parthenogenesis  can  undergo  no  adaptive  changes.  When  speaking 
of  the  effect  of  external  influences  he  says :  **  Without  altogether  deny- 
ing that  such  influences  may  directly  modify  the  germ-cells,  I  neverthe- 
less believe  that  they  have  no  share  in  the  production  of  hereditary  indi- 
vidual differences/'  He  has  just  previously  maintained  that  the  trans- 
formation of  a  species  can  take  place  only  through  the  accumulation  of 
these  individual  differences.  Now  in  the  laf^t  essay,  in  discussing  certain 
objections  which  have  been  urged  against  his  doctrines,  he  contends  that 
external  conditions,  light,  heat,  moisture,  nutrition,  and  their  opposites, 
can  produce  great  changes  in  the  body,  but  none  directly  in  the  germ- 
plasm.  He  grants,  however,  that  the  environment  may  act  indirtcily  on 
the  germ-plasm,  so  as  to  bring  about  important  changes  in  the  characters 
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of  animals  and  plants.  He  declares  that  he  has  never  doubted  the  trans- 
mission  of  changes  which  depend  on  alterations  of  the  germ-plasm.  He 
then  inquires :  *' And  how  could  the  germ-plasm  be  changed  except  by  the 
operation  of  external  influences,  using  the  words  in  their  widest  sense?" 
To  this  we  may  reply,  that  he  has  hitherto  attributed  all  changes  to  sex- 
ual mixture  alone.  If  he  is  willing  to  admit  that  use  and  disuse  of  or- 
gans, changes  in  nutrition,  and  in  the  environment  in  general,  may  bring 
about  modifications  of  organisms,  he  will  not  find  it  difficult  to  come  to 
an  agreement  with  many  of  his  opponents,  even  if  he  does  insist  on  post- 
poning the  results  for  a  few  generations.  A  few  may  insist  that  some 
characters  acquired  by  the  parent,  for  instance  by  the  use  of  an  organ, 
may  be  inherited  by  the  next  generation,  but  most  persons  would  con- 
tend only  that  a  predisposition  to  the  reproduction  of  the  character  is 
inherited. 


PAPEKS  READ. 


Condensation  of  acktophenone  with  ketols  by  means  of  dilute  potas- 
sii:m  cyanide.     By  Alex.  Smith. 

(A»STKA(T.] 

It  has  been  proven  for  some  years  that  when  benzaldehyde  is  boiled  in 
dilute  alcohol  with  a  small  quantity  of  potassium  cyanide,  two  molecules 
of  benzaldehyde  unite  to  form  benzoin.  The  present  paper  describes  a 
class  of  cases  where  the  same  reagent  has  the  power  of  causing  the  union 
of  two  bodies  with  the  elimination  of  water— a  condensation.  The  inter- 
action takes  place  between  a  ketol  such  as  benzoin,  on  the  one  hand  and 
a  ketone  such  as  acetophenone  on  the  other.  For  example  benzoin  and 
iicetophenone  in  dilute  alcoholic  solution,  in  presence  of  a  little  potassium 
cyanide,  yield  on  boiling  desyl-acetophenone.  (Jour.  Chem.  Soc.  LVII, 
p.  648. ) 
C,H,— CO— CH-OII^^CIl,— C<)-C,H,= 

('.H, 

(\;H  -CO-CH-CH  ,— C()-C,.H,     H.O 

I 

C.;H. 

The  interaction  is  now  found  to  extend  to  other  ketols.     From  cuminoin 
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and  ac*etophenone,  cumino-desy  lacetophenone  was  prepared  according  to  tiie 
etiuation — 

It  is  a  sabstance  melting  at  14.')°  C.    With  phenyl  hydrazine  it  yields  an 

o-diazine  derivative  and  its  constitution  as  a  1:4  diketone  was  proyed  by 

its  yielding  furfurane  and  pyrrol  derivatives.    I'iperonoin,  furoin,  and  ben- 

zoylcarbinol  have  also  been  used,  and  the  interaction  seems  to  hold  for 

them  also.    The  products  have  not  yet  been  fully  investigated. 

In  all  cases  a  small  amount  of  another,  much  less  soluble,  product  is 
formed.    The  equation  for  this  action  seems  in  the  case  of  benzoin  to  be— 

;5C,lI-,('<)H-rOJh()- C,,1I,,(),  riH,() 

The  examination  of  these  products  is  in  progress. 


CONDKSSATIOX    OF    ACETOXK    WITH    IIENZOIN    IIY    MEANS    OV    1)11. ITE    POTASSIUM 

CYANIDE.     By  Alex.  Smith. 

[AI18TUA(  T.  1 

In  connection  with  the  work  mentioned  in  the  preceding  paper,  experi- 
ments were  also  made  where  the  ketol  was  benzoin  but  acetone  was  used 
in  place  of  acetophenone.  The  main  course  of  the  interaction  was  an 
entirely  different  one.  A  substance  melting  at  240°  C  was  producetl  accord- 
ing to  the  equation- 

:K'.,H,C0H4-C.H..()-:C,,II,„0,    211,0 

It  appears  to  possess  the  following  constitution : 

D 

,1 
(' 

II-C         ('     tf 

Vf.  II-,        V-  \  Clf 

r 
CM,      oil 

It  yields  a  monoxim  and  a  monophenyl  hydrazone.  With  acetic  anhy- 
dride it  yields  the  acetate  of  triphenyl  phenol.  From  this  triphenyl  phenol 
itself  is  obtained  by  saponification.  Distillation  over  zinc  dust  yields  the 
hydrocarbon  triphenyl  benzene  and  the  original  substimce  yields  the  same 
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prodact  under  similar  treatment.  A  substance,  found  to  have  almost  ident- 
ical properties,  is  described  by  Japp  (Chem.  Soc.  Jour.,  yol.  LVII,  p.  783). 
He  had  formerly  ascribed  to  it  the  formula  C4gH4o04.  In  the  later  note 
he  points  out  that  the  analysis  agrees  approximately  with  the  formula 
^2  4^2^02*  The  substance  was  prepared  by  Japp's  method,  namely  the 
action  of  dilute  caustic  potash  on  a  mixture  of  benzoin  and  acetone  in  alco- 
holic solution.  It  appears  to  be  the  same  body  as  that  obtained  by  the 
action  of  potassium  cyanide,  but  acetic  anhydride  acts  on  it  with  extreme 
difficulty  only  and  distillation  over  zinc  dust  yields  none  of  the  hydro- 
carbon. 


Pybone  and  pyridone  derivatives  from  benzoyl  acktonk.  By  Alex.  Smith. 

[abstract.] 

Conrad  and  Guthzeit's  reaction  was  applied  to  benzoyl  acetone.  Cupro- 
benzoyl  acetone  was  found  to  yield  with  phosgene  a  p3rrone  derivative  pos- 
sessing the  formula— 

0 

II 
C 

.-'  \ 

C,H ,— CO-C         C -CO-C  Jl .. 


A 


CH., — C         C — CH., 

() 
Dimethyldi-benzoyl  pyrone  melts  at  188^  C.  With  phenyl  hydrazine  it 
yields  a  diphenyl  hydrazone  and  with  ammonia  the  oxygen  of  the  ring  is 
replaced  by  the  group  :  Nil  and  dibenzoyMutidone  is  formed.  Similarly 
the  action  of  aniline  gives  dibenzoylphenyl-lutidone.  These  substances 
are  bases  whose  hydro-chlorides  form  double  salts  with  platinum  tetra- 
chloride. 


Carhon  dioxide  in  the  urine.     By  T.  C.  Van  Nu y«  and  K.  E.  Lyons. 

From  the  intense  alkalinity  of  the  normal  urates,  as  well  as  the  di  and 
basic  phosphates  of  potassium  and  sodium,  we  were  led  to  believe  that, 
ordinarily  the  urine  is  not  alkaline  from  the  presence  of  the  carbonates  of 
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the  alkali  metals;  that  in  all  probability  CO 2  is  not  in  combination  in  nor- 
mal or  moderately  alkaline  urine. 

To  determine  this,  the  CO2  in  the  total  urine  of  24  hours  was  estimated 
after  employing,  (1)  mixed  diet,  (2)  vegetable  diet,  (3)  after  injesting  large 
doaefi  of  neutral  tartrate  of  sodium. 

il).  Mixed  diet — Urine  acid  in  reaction. 

First  day    .   .   .  0.64  gram.  CO^.  Fourth  day  .    .  0.56  gram.  CO 2. 

Sf cond  day    .    .  0.49     "        "  Fifth  day  .    .    .0  45     " 

Third  day  .   .    .  ().<K)     "        "  Sixth  day  .   .    .  0.79     "        " 

Average  for  each  day,  0.588  gram.  CO^. 

i2>.     Vegetable  diet — I'rine  strongly  alkaline,  but  did  not  effervesce  on 

the  addition  of  an  acid. 

First  day 1.20  gram.  COj.^ 

.Second  day  .  •  •  .  l.Hi  "  "  ^  Average  for  each  day,  1.09  gram.  CO 2. 
Third  day  .   .   .         0.9;;    "        "      ) 

:3j.     After  injesting  neutral  tartrate  of  sodium  urine  became  alkaline, 

which  was  in  part  due  to  carbonates,  as  the  urine  effervesced  slightly  on  the 

addition  of  acid. 

First  period  48  hours  Gram.  C4  H4  Na^  O^  Gram.  CO 2  in  the  urine 
foUoviing  **mixed  diet":  taken  in  24  hours:  of  24  hours: 

First  day 10 1.42 

Second  day 10 l.()5 

Second  period  48  hours 
following  "vegetable  diet": 

First  day 15 1.30 

Second  day 15-17 2.67 

From  our  investigations  we  conclude:' 

1.  Combined  COa  is  not  ordinarily  a  constituent  of  normal  urine. 

2.  When  CO2  does  appear  in  combination,  it  is  owing  to  the  excessive 
alkalinity  of  the  blood  when  it  combines  with  the  hydrates  of  potassium  and 
sodium. 

3.  Alkalinity  of  normal  urine,  unleBK  excessive  in  degree,  is  caused  by 
<ii-  or  tri-basic  phosphates,  and  normal  urates  of  potassium  and  sodium. 


UE>*rLTS    i)V    ESTIMATION    OF    (.HLOItlNK    IN     MINEK.\L    WATERS    BY     VoLHARd's 
I'LAN.       By  »SlIERMAN  DaVIS. 

In  *'Die  Untersuchung  des  Wassers,"  by  Drs.  Tierman  and  Gartner,  page 
132,  we  find  directions  for  the  estimation  of  chloriue  in  mineral  waters. 
The  method  given  is  essentially  that  of  Volhard.    It  is  the  object  of  this 
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paper  to  call  attention  to  two  points  in  this  process:  First,  though  it  has 
been  remarked  by  previous  observers  that  there  is  a  reaction  between  the 
silver  chloride  formed  and  the  ammonium  sulphocyanide,  is  not  this  reaction 
sufficient  to  produce  an  appreciable  error  ?  We  here  give  some  observa- 
tions made,  with  tbis  point  in  view. 

WITH  DISJTILLKD  WATER. 
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These  data  seem  to  indicate  that  even  though  the  time  be  reduced  to  a 
minimum,  the  results  are  inconsistent  and  misleading.  Now  these  varia- 
tions may  be  eliminated  by  a  process  of  filUring.  Introduce  a  quantity  of 
sodium  chloride,  say  4cc  from  a  ^  normal  solution,  into  a  200cc  graduated 
flask,  add  4cc  nitric  acid  (1.2  sp.  gr.),  free  from  nitrotjis  acid,  and  with  dis- 
tilled water  at  15°  C  fill  to  mark.  Mix  well.  When  the  silver  chloride  has 
been  separated,  filter  ofi*  lOOcc  of  the  fiuid  through  a  dry  fitter.  Introduce 
the  filtrate  into  a  titrating  fiask,  add  2— 3cc  sat.  sol.  ferric  alum  and  titrate 
with  the  I'o  ^o^*  ^'  a^*  sulphocyanide,  till  the  addition  of  one  drop  causes  a 
light  brown  color  to  appear.  This  color  once  produced  will  be  permanent. 
The  results  of  such  a  device  are  shown  by  the  following  data : 


No. 


•I 


8 


Time 


Filtered. 

isfaCl. 

Ag.  NO3 

-^  N  Am. 
Sulph. 

Ferric 
Alum. 

HNO, 

(1.2) 

yes 

4cc 

7cc 

1.55 
1.50 

3 

II 
11 

II 

tt 

•• 

'* 

il 

i  1 

II 

II 

•  *     • 

II 

These  results  agree  with  the  quantities  introduced  and  are  constant   This 
device  was  employed  in  estimating  the  chlorine  in  the  waters  from  West 
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fiaden.  French  Lick,  Mt.  Aris,  Indian  and  Trinity  Springs.  The  results 
were  constant  and  accurate.  It  also  holds  in  waters  containing  much  mineral 
matter  and  organic  matter  to  !i')0  parts  in  100,000. 

Second.     Will  there,  without  filtering,  be  an  appreciable  error?    We  pro- 
duce the  following  data : 

WITH  DISTILLED  WATER. 
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We  differed  from  the  authors  in  this— that  the  solution  was  y^n//^  agitated 
until  the  color  no  longer  disappeared.  With  such  a  standard  the  error  may 
reach  1.77  pts.  in  100,000  pts.  as  shown  by  the  eighth  titration.  The  observa- 
tiona  justify  the  following  inferences: 

First.  There  is  an  appreciable  reaction  between  the  silver  chloride  and 
the  ammonium  sulphocyanide. 

Second.  The  error  varies  directly  with  the  quantity  of  chlorine  present, 
and  the  time  employed. 

Third.  AVhen  the  reaction  of  chlorine  upon  silver  nitrate  is  effected  in 
the  presence  of  ammonium  sulphocyanide,  the  results  are  inconstant. 

Fourth.  That  it  is  necessary  to  filter  off  the  silver  chloride,  before  add- 
ing the  ferric  salt. 

Fifth.    That  by  filtering  the  results  are  very  accurate. 

Sixth.  That  if  the  solution,  unfiltered,  be  allowed  to  stand  ten  minutes, 
the  reactions  which  take  place,  will  produce  very  appreciable  errors. 


Some  suggestions  to  teachers  of  science  or  .mathem.atics  in  jug h  schools. 
By  Thos.  C.  Van  Nuys. 

It  is  the  purpose  of  the  writer  to  endeavor  to  indicate,  as  briefly  as  prac- 
ticable, the  spirit  which  should  influence  teachers  of  science  or  mathematics 
in  high  schools. 

It  is  needless  to  state  in  this  connection  that  the  spirit,  in  which  a  teacher 
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performs  his  duty,  arises  from  his  conception  of  what  education  is,  conse- 
quently, correct  views  of  education  in  general,  are  of  very  great  import- 
ance to  teachers.  No  system  of  education  can  exist,  without  grave  defects, 
unless  there  is  in  the  system  a  certain  degree  of  uniformity  in  the  curricu- 
lum of  study.  Glasses  of  studies  for  periods  of  time  should  be  so  grouped, 
that  by  the  pursuit  of  them,  the  pupil  is  led  to  the  highest  degree  of  disci- 
pline and  culture.  Fortunately,  the  course  of  study  in  the  public  schools 
of  this  country  is  pretty  well  formulated,  but,  unfortunately,  the  course  is 
better  adapted  for  preparing  pupils  for  technical  or  business  education  than 
for  scholarship  or  the  learned  professions.  This  defect,  however,  may,  in 
part,  be  remedied  by  the  efficiency  of  teachers. 

In  order  that  the  teacher  of  elementary  science  or  mathematics  in  a  high 
school  may  become  proficient  in  his  work  he  should  first  determine  what 
benefit  are  the  pupils  to  derive  from  a  course  of  instruction  in  mathematics 
and  elementary  science.  Notwithstanding,  the  tendency  of  the  age  is  in 
favor  of  technical  education,  the  fact  is,  no  class  of  studies  can  take  the 
place  of  the  inflected  languages,  history  and  literature  for  a  high  degree  of 
discipline  and  culture,  and,  that  full  benefit  should  be  derived  from  lin- 
guistic studies,  they  should  be  introduced,  early  in  the  course,  as  training 
in  them  is  easier  at  an  early  age. 

The  study  of  the  humanities,  if  pursued  early  in  life,  when  the  emo- 
tional faculties  are  springing  into  existence,  results  in  refining,  cultivating 
the  tastes  and  engendering  a  broad  philanthropy.  This  is  readily  under- 
stood when  it  is  taken  into  consideration  that  through  the  study  of  the 
ancient  languages,  the  pupil  becomes  acquainted  with  different  phases 
of  human  thought,  and,  because  different  from  mo<iern  thought,  they  are 
not  the  less  human. 

With  thorough  training  in  these  studies,  early  in  life,  the  pupil  becomes 
disciplined  and  refined,  disciplined,  by  long  continued  mental  drill,  neces- 
sary in  acquiring  knowledge  of  the  inflected  languages,  and  refined,  by 
sympathy  for  mankind  acquired  by  a  knowledge  of  the  vicissitudes  through 
which  the  human  race  has  passed.  This  comes  from  the  study  of  the  hu- 
manities being  subjective  as  well  as  objective.  On  the  other  hand,  the 
study  of  science  and  mathematics  is  objt'Ctive.  In  these  pursuits,  the  emo- 
tions may  be  dormant,  while  reason  is  <  ailed  into  activity.  If  this  be  true, 
it  is  readily  understood  why  the  study  of  languages,  history  and  literature 
should  precede  the  study  of  the  sciences  and  higher  mathematics. 

To  reach  the  highest  results  in  education  the  tastes,  the  moral  faculties 
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and  the  sensibilities  should  be  developed  88  well  as  the  intellectual ;  other- 
wise, the  development  is  not  symmetrical. 

The  teacher  should  not  encourage  the  popular  opinion  that  the  education 
which  does  not  enable  a  person  to  superintend  a  factory,  make  shoes,  or 
build  a  bridge,  is  worthless. 

In  this  materialistic  age  we  are  apt  to  employ  our  educational  forces  so  as 
to  intensify  the  mad  strife  we  have  al>out  us,  to  make  prominent  those 
studies,  by  a  knowledge  of  which,  wealth  is  acquired  and  to  neglect  those 
studies  whicb  tend  to  refine,  temper  and  balance  the  mind. 

The  word  discipline  is  perhaps  the  most  diiHcult  term  in  pedagogical 
science  to  define.  No  attempt  will  be  made  to  offer  a  definition  here, 
farther  than  to  fitate,  that  by  discipline,  the  pupil  has  power  of  self-con- 
trol, that  by  it,  undivided  attention  can  be  concentrated  to  the  subject  un- 
der consideration.  By  discipline,  there  is  economy  in  mental  work.  The 
mind  is  disciplined  when  it  possesses  the  art  of  thinking.  To  many  it 
woald  seem  absurd  that  it  requires  many  years  of  systematic  study,  under 
good  instruction  to  read  a  book,  or  study  a  subject  with  profit  and,  there- 
fore, with  understanding,  and  yet,  it  is  true.  While  it  is  claimed  that  the 
study  of  the  inflected  languages,  history  and  literature,  pursued  early  in 
life,  is  imperative  for  discipline,  culture  and  scholarship,  yet  if  the  study 
of  higher  mathematics  and  science  be  not  subsequently  pursued  (and  it 
might  be  added  in  proper  spirit),  the  work  of  preparation  is  incomplete. 

It  is  a  recognized  fact  that  the  body  soon  becomes  accustomed  to  certain 
movements  which  are,  with  sufidcient  practice,  made  almost  unconsciously, 
80  the  mind,  with  practice,  soon  becomes  accustomed  to  certain  processes 
of  reasoning. 

Although  the  study  of  the  humanities  presents  many  aspects  of  thought, 
yet  the  mind  of  the  classical  student  runs  in  grooves.  For  him  the  study 
of  higher  mathematics  opens  up  a  new  field  of  thought  as  the  processes  of 
reasoning  are  essentially  difierent  from  those  employed  in  the  study  of  the 
humanities. 

Method  and  system  in  the  processes  of  reasoning  are  characteristic  of  the 
mathematical  mind. 

The  study  of  chemistry  is  of  importance  as  a  means  of  cultivation  of  the 
powers  of  observation,  but,  perhaps,  the  greatest  value  of  the  study  of 
chemistry,  is  the  knowledge  of  the  constitution  of  matter  and  the  changes 
it  undergoes,  producing  new  bodies.  The  cultured  pupil  reads  here  a  won- 
derful story.    HIb  mind  dwells  on  the  growth  and  consequent  changes  of 
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same  each  decade.  Every  period  of  history  is  stamped  with  changes.  Na- 
tions grow  like  plants,  remain  in  the  developed  state  a  time,  then  they  de- 
cline and  upon  their  ruins  other  nations  spring  up,  likewise  to  perish. 
The  student  reads  in  chemical  science  a  similar  story  told  in  symbolic  lan- 
guage. Hitherto  he  knew  but  little  of  the  laws  of  matter,  he  now  learns 
that  matter  and  its  laws  form  the  basis  of  all.  Were  it  not  for  the  facts  on 
which  the  atomic  theory  is  based  and  were  it  not  that  forces  are  evolved  by 
the  reduction  of  organic  matter  there  could  be  no  mental  process,  in  fact 
no  brain,  no  muscle.  Now,  while  this  expresses  a  phase  of  materialistic 
philosophy  yet  the  pupil  who  has  a  thorough  training  in  the  studies  of  the 
humanities  is  not  easily  thrown  off  his  balance.  By  his  long  continued 
training  he  recognizes  the  fact  that  the  moral  sense  or  sentiment  is  a  po- 
tent factor  in  nature,  that  man  is  not  a  selfish  animal  seeking  to  survive 
that  he  may  enjoy  his  sensuous  pleasures.  Although  the  age  is  becoming 
more  rationalistic,  yet  there  never  was  a  time  when  society  was  subject  to 
so  much  vaccination,  frivolity  and  extremes.  The  craze  for  something  new 
or  sensational  precludes  sober  thought.  We  may  as  a  nation  excel  all 
others  in  inventions  and  conveniences  and  yet  we  may  become  a  nation  of 
artisans  and  tradesmen.  The  pupil  who  is  educated  in  the  humanities, 
and  therefore  has  a  disciplined  mind,  does  not  seek  for  wild  theories,  even 
if  founded  on  the  results  of  modern  research.  Too  many  men,  who  repre- 
sent the  results  of  the  new  education  are  without  convictions.  The  char- 
acter of  too  many  is  reflected  by  current  of  popular  opinion.  The  greatest 
need  of  this  age  is  a  generation  of  men,  cultured  and  disciplined,  who  have 
convictions  and  therefore  are  not  moved  by  the  great  waves  of  thought 
which  often  sweep  over  the  country  like  an  epidemic. 

The  teacher  of  science,  or  higher  mathematics,  in  a  preparatory  school, 
should  consider  himself  employed  to  build  over,  or  bridge  a  chasm  at  the 
end  of  a  long  line.  He  should  consider  his  work  a  necessity  to  fill  out,  and 
round  up  the  intellectual  and  moral  character  of  the  pupils,  under  his 
charge. 

However  different  his  work  may  appear  from  the  work  of  his  colleague 
who  teaches  the  Greek  language,  or  his  colleague  who  studies,  with  his 
classes,  Shakspeare,  Dante  or  Milton,  his  work  is  along  the  same  line. 
The  teacher  of  science  will  benefit  his  pupils  much  more  by  confining  his 
instruction  to  general  principles,  whether  he  teaches  elementary  chemistry, 
botany  or  zoology. 


After  having  spent  years  of  persistent  study  of  languages,  literature  and 
history,  acquiring  a  knowledge  of  the  inflections  of  verbs,  memorizing  the 
definition  of  words  and  becoming  familiar  with  the  outline  of  all  forms  of 
speech,  with  the  political  divisions  of  countries  of  the  remote  past — in 
short,  with  the  life  of  a  world  in  its  childhood  and  now  to  be  introduced 
into  the  world  of  the  present,  constitutes  the  most  interesting  period  in 
the  life  of  the  pupil.  The  teacher  guides  with  watchful  care  the  mental 
prooesBes  awakened  by  the  study  of  nature.  He  witnesses  a  wonderful 
mental  development,  wonderful  because  it  springs  from  a  rich  store-house 
of  knowledge  and  because  the  mental  processes  are  new. 

Alter  all,  the  ultimate  object  of  education  is  utilitarian  in  character. 
The  educated  man  or  woman,  who  is  a  useful  member  of  society,  who  is  of 
value  to  the  state,  must  be  of  the  world.  He  must  be  brought  in  intimate 
relationahip  with  the  affairs  of  the  present,  and,  for  this  purpose,  the  study 
of  science  and  mathematics  is  well  adapted.  A  full  degree  of  utilitarianism 
is  not  wholly  technical  in  kind.  To  become  useful  in  any  of  the  learned 
profeasions  all  of  the  discipline  afforded  by  classical  and  scientific  training, 
in  addition  to  the  training  in  the  professional  studies  proper,  is  required. 

If  education  is  to  be  the  safeguard  of  the  nation,  if  it  is  to  prevent  the 
enactment  of  extreme  measures,  if  it  is  to  act  as  the  balance  wheel  in  the 
machinery  of  the  social  state,  it  must  result  in  the  development  of  all  the 
resources  of  the  intellect  as  well  as  the  sense  of  justice  and  love  of  hu- 
manity. 


The  81  <;ab  bekt  in  Indiana.     By  H.  A.  Hv.ston. 


Forms  of  nitrogen  for  wheat.     By  H.  A.  Huston, 


A  coi»i'EK  ammonu'm  oxide.     By  1*.  8.  Baker. 
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Dl    HENZYL  (  ARBINAMINE.       By  W.  A.  XOYF><. 

[ABSTRACT.] 

[Published  in  the  American  Chemical  Journal,  14,  22-3.] 

Di-benzyl  carbinamine  was  prepared  by  the  reduction  of  the  oxim  of  di- 
benzyl-ketone  by  means  of  sodium  and  absolute  alcohol. 

The  new  base  melts  at  47°  and  boils  at  330°.  The  chloride,  C, ,  Hi 5  NHj. 
HCl,  separates  in  compact  crystals  which  melt  at  205°.  The  chloro-plati- 
nate,  the  nitrite  and  the  di-benzyl  carbinamine  sulphocarbamimate  of  di- 

P     U      NH 
benzyl  carbinamine,  q     u^^  y^ji  HS-^^  ^»   were  also  prepared. 

B  Especial  interest  attaches  to  the  nitrite  which  is  stable  at  ordinary  tem- 
peratures, and  a  dilute  solution  of  which  can  be  boiled  with  very  slight  de- 
composition. In  these  respects  the  base  is  intermediate  in  its  properties 
between  the  '' alicyclic ''  bases  of  Bamberger  and  the  ordinary  aliphatic 
amines. — [Rose  Polytechnic  Institute,  Dec.  1891. 


The  character  ov  well  waters  in  a  thhkly  ropiLATKi)  area.     By  W. 
A.  N(>Y>:s. 

|abstra<t.] 

A  table  was  shown  giving  the  results  of  the  analysis  of  a  number  of  well- 
waters  taken  from  wells  in  various  parts  of  the  city  of  Terre  Haute.  The 
amounts  of  free  and  of  '^albuminoid''  ammonia  in  these  well  waters  is  us- 
ually very  low,  but  the  amounts  of  chlorine  and  of  nitrates,  and  especially 
the  latter,  when  compared  with  the  amounts  of  the  same  substances  found 
in  a  well  water  in  the  country  east  of  the  city  show  that  the  waters  of  the 
city  wells  are  seriously  contaminated  with  surface  drainage.  The  ^t  that 
a  large  proportion  of  the  cases  of  typhoid  fever  and  of  dysentery  (477  cases 
out  of  500  cases  investigated)  occur  in  families  where  well  water  and  not 
hydrant  water  is  used  for  drinking  purposes  justifies  the  condemnation  of 
such  well  waters,  even  where  the  amount  of  organic  matter  in  the  water  is 
very  small.— [Rose  Polytechnic  Institute,  Dec.  1891. 


LABt>RATORY    AND    FIELD    WORK    OX    THE    PHOSPHATE   OK  AMMINA.       Bv   H.  A 

HrsTON. 


Recent  methods  for  the  determination  ok  phosphoric  acid.    Bv  H.  A. 
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The  digestibility  ok  the  pentose  carhohydrates.     By  W.  E.  Stone. 


The  At tion  ok  phenyl-hydrazin  on  kirfurol.     By  W.  E.  Stone. 


A  <;raphical  solution  kor  EciiATioN.s  OF  higher  de(;ree,  kok  hoth  real 

AND  IMAGINARY  ROOTS,      By  A.  S.  HaTHAWAY. 

^1.    Preliminary  on  imaginary  numbers. 

The  usual  idea  of  imaginary  numbers,  as  presented  in  our  text  books  of 
algebra,  is  that  they  are  symbols  introduced  for  the  sake  of  making  the 
laws  of  algebra  formally  complete.  It  is  implied  in  the  name  given  to 
these  numbers  that  they  have  no  actual  meaning.  This  is  a  mistake.  The 
failure  to  mean  anything  in  ordinary  cases  is  not  the  fault  of  the  numbers, 
bat  results  from  the  nature  of  the  concrete  quantities  with  which  they  are 
generally  used.  Like  difficulties  are  experienced  with  real  numbers  under 
similar  circumstances.  Let  us  go  briefly  over  the  list  of  numbers  and  em- 
phasize this  point. 

First,  the  numbers  1,  2,  3,  4,  that  denote  repetitions  of  a  concrete  quan- 
tity. If  the  quantity  be  incapable  of  the  indicated  repetition  the  result  is 
imaginary.  Thus:  Three  spaces  of  four  dimensions.  This  may  be  com- 
prehensible to  a  different  order  of  beings,  but  not  to  us. 

Second,  the  numbers  <!,  i,  \,  that  denote  partitions  of  a  concrete  quan- 
tity. Nevertheless,  a  space  of  ]  a  dimension,  a  school  of  {  a  student,  are 
impossibilities. 

Third,  the  number  — 1.  This  number  must  be  used  with  quantities  of 
two  kinds  such  that  two  of  equal  magnitude  and  different  kinds  give,  when 


^NoTK. — This  prelimlnarv  oa  the  graphic  representation  of  imaginary  nnmberswas 
*.ot  presented  to  the  Acaaemr.  It  is  a  simple  and  direct  preMontation  of  the  subject 
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Dot  presented  to  the  Academr.    It  is  a  simple  and  direct  preMontation  of  the  subject 
witboQt  the  use  of  analytical  geometry,  and  on     '    ' 
mathematicians;  at  the  same  time,  it  places  the  wh 
and  makes  it  available  to  a  larger  circle  of  readers. 


mathematicians;  at  the  same  time,  it  places  the  whole  article  upon  an  elementary  basis, 
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combined,  zero  reeult ;  e.  g.«  assets  and  liabilities.  In  this  case  — 1  reverses 
quality  without  altering  magnitude,  so  that  1  -f-  ( — 1)  =0.  But  what  is  a 
farm  of  — 80  acres?  Imagine  a  farm  that  put  with  an  SO  acre  farm  gives  no 
land  at  all. 

Fourth,  the  incommensurable  numbers,  e.  g.,  the  ratio  of  a  diagonal  to  a 
side  of  a  square.  These  require  continuous  quantity,  and  their  use  with 
quantity  whose  partitions  are  limited  is  impossible.  What  is  a  space  of 
v'7  dimensions,  a  country  with  y'.^  presidents,  a  man  with  |  '7  dollars  in 
his  pockets? 

We  recognize  a  number  by  what  it  can  do  with  appropriate  quantity  to 
operate  upon,  not  by  what  it  can  not  do  with  inappropriate  quantity.  The 
interpretation  of  imaginary  number  requires  quantity  that  has  magnitude 
and  different  qualities.  These  quantities,  whether  geometrical  or  physical, 
may  be  represented  by  certain  geometrical  quantities  called  by  Clifford 
steps. 

The  step  from  a  position  A  in  space  to  another  position  B  has  length  and 
direction.  Two  steps  are  equal  that  have  the  same  length,  and  the  same 
direction ;  i.  e.,  the  opposite  sides  of  a  parallelogram  taken  in  the  same  di- 
rection are  equal  steps.  The  sum  of  any  number  of  successive  steps  in 
various  directions  is  the  step  from  the  first  point  of  departure  to  the  last 
point  reached ;  e.  g.,  A  B  -r  B  C  -{-  0  D  —  A  D.  In  particular  the  sum  of 
two  successive  steps  along  the  sides  of  a  parallelogram  is  equal  to  the  step 
along  the  diagonal.  As  the  remaining  sides  in  the  parallelogram  form 
equal  steps  added  in  reverse  order,  we  learn  that  the  order  of  successive 
steps  in  a  sum  may  be  changed  without  altering  the  sum. 

Positive  numbers  operating  on  steps  change  lengths  but  not  directions ; 
— 1  reverses  direction  without  altering  length ;  e.  g.,  — 1  A  B  ==  B  A.  If  x 
be  any  real  number  we  see  by  similar  triangles  that  ;x(AB-fBC)  —  xAB 
-xBC. 

A  valuable  analysis  may  be  developed  by  the  use  of  steps  and  real  num- 
bers only.  From  its  simplicity,  and  its  value  in  physical  applications,  it 
ought  to  displace  ordinary  analytical  geometry,  in  technical  schools  at 
least.    The  main  difficulty  is  the  lack  of  a  suitable  text  book. 

Let  us  confine  ourselves,  now,  to  steps  in  the  plane  of  the  paper,  and 
consider  the  nature  of  the  number  that  multip]yin£C  O  A  produces  O  B.  It 
must  alter  the  length  of  O  A  into  the  length  of  O  B ;  this  is  the  tensor  fac- 
tor, an  ordinary  positive  number.  It  must  turn  O  A  thus  lengthened  into 
OB;  this  is  the  versor  factor;  the  angle  of  this  turn,  reckoned  as  positive 
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when  it  is  counter  clockwise,  is  the  angle  of  the  number.  Thus,  let  (2,  .'»0°) 
denote  a  number  that  doubles  length  and  turns  30°  counter  clockwise.  Its 
tensor  is  2,  its  yersor  is  (1,  30°),  and  its  angle  is  30°. 

After  multiplying  a  step  by  (2,  30°)  multiply  the  result  by  (3,  20°). 
Plainly  the  final  step  is  (6,  50°)  times  the  first  step.  This  example  of  a 
product  enables  us  to  see  at  once  that : 

The  tensor  of  a  product  equals  the  product  of  the  tensors  of  the  factors ; 
and  the  angle  of  a  product  equals  the  sum  of  the  angles  of  the  factors. 
Hence  the  factors  may  be  combined  in  any  order  without  altering  their 
product. 

The  definition  of  a  sum  of  two  numbers  p  and  q  is  that  (p  -h  q)  OB:  ■ 
p  (1)  B  -f-  q  ()  B  *  Replacing  O  B  .by  r  O  A  we  have  that  (p  -f-  q)  r  =  P  r  -|-  q  r; 
and  since  the  factors  of  a  product  have  been  shown  to  be  interchangeable, 
therefore  r(p-f-q)  =  (p-rq)r— rp-f-rq. 

We  thus  find  that  these  versi-tensors  follow  the  ordinary  laws  of  alge- 
braic combination.  To  identify  them  with  imaginaries,  notice  that  (1,  90°) '^ 
=  (1,  180°)  -  -  —  1  =  (1,  —90°)-.  These  two  square  roots  of  — 1  are  nega- 
tives of  each  other,  for  —1  (1,  -90°)  =  (1,  180°)  (1,  —90°)  =  (I,  90°).  So 
—1  has  three  cube  roots,  —1  and  (1,  =t  f>0°);  and  so  on. 

It  is  convenient  to  represent  versi-tensors  by  steps.  Some  step  O  A  is 
taken  to  represent  unity ;  and  then  any  other  step  represents  its  ratio  to 
the  anit  step  O  A.  Thus,  if  O  B,  O  B^  are  steps  of  the  same  length  as  O  A, 
and  niake  angles  of  00°  and  — ()0°  respectively  with  O  A,  they  represent  the 
unag:inar7  cube  roots  of  —1.  We  may  use  geometry  to  put  these  roots  in 
the  standard  form  x  -  -  y  i,  where  x  and  y  are  real  numbers  and  i  =  (1 ,  90°). 
Let  BB^  meet  O  A  in  C;  then  OC  represents,  or  say  =,  J,  and  CB- 
t^/;i^^  — CB^andfromOB  OC  j  CB.  O  B'  -^  O  C  -  C  B^  we  have 
.1,  =r  «0°)  -  .}  rb  Jv  3  i. 

This  example  just  given  makes  it  plain  that  any  imaginary  number  may 
be  pat  in  the  form  x  -f  y  i,  in  one  and  only  one  way ;  and  from  the  right 
triangle  involved,  we  also  see  that  the  teneor  of  x  +  y  i  is  x/jl'^  i-  y^i  the 
so-called  modulus  in  imaginaries.  It  is  easy  to  show  by  geometry  how  it 
is  that  every  equation  with  real  or  imaginary  co-efficients  has  at  least  one 
root,  and  therefore  just  as  many  roots  as  its  degree  and  no  more,  or  even  to 
show  the  whole  directly.    In  fact,  all  the  fundamental  properties  of  imag- 


■■'To  nee  that  this  does  derine  the  Bura,  try  it  for  the  case  of  p  =  (2,  :iO  i.  q  =  (2,  Vn^  ), 
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inaries  may  be  made  visible  realities  ratber  than  symbolic  results  based 
upon  certain  assumptions. 

AVhen  dealing  with  steps  not  limited  to  the  plane  of  the  paper,  then 
I O  A,  n°)  may  be  taken  as  the  symbol  of  a  number  that  turns  any  step  that 
is  perpendicular  to  O  A,  n°  round  O  A  as  axis,  counter  clockwise  to  an  ob- 
server at  A,  and  lengthens  in  the  ratio  of  the  length  of  O  A  to  the  unit 
length.  This  is  a  quaternion.  Quaternions  whose  angles  are  o°  or  1hO° 
are  ordinary  positive  and  negative  numbers,  and  are  called  scalars.  Qua- 
ternions whose  angles  are  00°  are  called  vectors.  The  square  of  a  vector  is 
a  negative  scalar.  The  ordinary  rules  of  algebra  hold  except  that  factors 
are  not  interchangeable  without  altering  the  product.  A  quaternion,  also, 
cannot  multiply  a  step  that  is  not  perpendicular  to  its  axis.  It  can  be  geo- 
metrically represented  only  by  two  steps.  A  vector  (()  A,  90°)  or  briefly 
(O  A)  may  be  represented  by  the  step  < )  A.  The  value  of  this  representa- 
tion is  expressed  by  the  equations : 

(OB)  -t-  (0  A)       (OB   ■■  O  A) 
(OB)   :   (0  A)  -     OB   :   O  A. 

The  calculus  of  quaternions  is  superior  for  all  purposes  of  investigation  to 
analytical  geometry,  and  as  its  results  can  be  immediately  turned  into  ana- 
lytical formulas,  it  is  likely  to  be  very  much  used  and  developed  in  the 
future.  It  is  especially  valuable  in  mathematical  physics.  An  account  of 
the  system  by  Sir  Wm.  Kowan  Hamilton,  the  inventor,  was  first  presented 
to  the  Royal  Irish  Academy  in  184o.  The  first  book  upon  the  subject, 
**  Hamilton*8  Lectures,"  appeared  in  186:>. 

II. 
Let  a  X*  —  b  x"  -f  c  X  -f  d  -    o  be  an  equation  with  general  imaginary 
co-efiicients.    Divide  this  by  x  —  r:  the  quotient  is  a  x-    r  (a  r  -   b)  x  -^ 
(a  r-    t  b  r  +  c)  and  the  remainder  is  a  r '  —  b  r-    t-  c  r  r  d.    The  co-effi- 
cients of  the  quotient,  and  final  remainder  are  best  found  by  synthetic  di- 
vision, which  shows  the  general  method  of  forming  each  co-efficient  by 
multiplying  the  last  by  r  and  adding  the  next  coetficient  of  the  original 
equation.    The  process  is  identical  with  the  reduction  of  the  compound 
number  (a,  b,  c,  d)  whose  radix  is  r.    The  test  of  a  root  is  that  the  remain- 
der should  be  zero. 
The  steps  that  represent  these  numbers  may  be  constructed  as  follows : 
Take  in  the  plane  of  the  paper  steps  O  A,  A  B,  K  C,  C  D,  representing 
the  numbers  a,  b,  c,  d.    Take  any  point  A',  and  let  A'  A:  O  A  be  the  r  we 
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are  to  try  in  the  equation  for  x.  To  find  the  result  of  the  trial,  construct 
the  triangle  A^  B'  B  similar  to  O  A^  A,  and  then  the  triangle  B^  C^  C,  also 
sdmilar  to  O  A'  A.  We  have  O  A  a,  A^  A  -  a  r,  and  hence  A^  B  --  A'  A 
-  A  B  --  a  r  -j-  b ;  also  by  similar  triangles,  B'  B  —  r  A^  H  -  a  r-  --  b  r,  and 
hence  B'  C  -  B'  B  -  B  C  -  a  r-  —  b  r  -j-  c.  Again  by  similar  triangles, 
C'C=-r(ar»-:  br-|-c)-ar'  r  b  r-  +  c  r  and  hence  C"D-  O'CH-CD 
^a  r'  -f  b  r-  —  c  r -f  d,  the  remainder  sought;  moreover,  the  co-ffficients 
of  the  quotient  are  represented  by  0  A,  A^  B,  B^  C  The  problem  is  to  so 
chooee  the  first  point  A^  that  the  last  vertex  C^  of  the  series  of  similar  tri- 
angles O  A'  A,  A^  B'  B,  IV  C  C,  shall  coincide  with  D :  then  A^  A :  ()  A  is 
a  root  of  the  given  equation.  With  the  ability  to  construct  A  series  of  sim- 
ilar triangles  with  ease,  a  position  for  A^  may  be  approximated  to  without 
much  difficulty.  Observe  that  O  A^,  A^  B^,  B^  C^  are  equimultiples  of 
o  A  A'  B,  B^  C.  This  follows  from  the  similar  triangles  O  A'  A,  A^  B^  B, 
B'  C  C,  which  give  (>  A^  O  A  -  A'  B^  A'  B  -  B"  C  :  IV  C  both  as  to 
tensor  and  angle  parts.  Hence  the  circuit  O  A^  B'  C  represents  the  quo- 
tient on  the  new  scale  in  which  O  A'  instead  of  O  A  represents  the  first 
ci>efficient  a. 

If  the  co-efficients  of  the  given  equation  are  all  real  numbers  and  only 
the  real  roots  are  sought,  the  method  fails,  since  A^  must  be  taken  oa  ()  A 
produced  giving  no  triangle  O  A^  A.  In  such  a  case,  put  x  —  where  m 
is  a  given  versor,  say  (1,  (iO°),  or  (1,  90°);  the  equation  becomes : 

a  Z-'  -  m  b  z-  -f  m=  c  z  -:  m-'  d  -  o. 
The  figure  O,  A,  B,  C,  1)  that  represents  the  co-etticients  of  this  equation 
will  have  equal  angles  at  A,  B,  C,  viz. :  the  supplement  of  the  angle  of  m 
'Since  a,  b,  c,  d  are  real  numbers,  their  angles  are  ()  or  ISO"^).  We  are  to 
seek  for  roots  of  this  equation  whose  angles  are,  angle  of  m  or  angle  of  m 
\Sif.  (.Since  z--m  x,  therefore  angle  z  angle  m  an^le  x.)  Thus  A' 
must  be  taken  on  A  B  produced ;  and  since  the  angles  at  A,  B,  C,  are 
equal,  it  follows  that  the  similar  triangles  required  will  have  their  vertices 
W,  C  on  B  C,  C  D,  produced,  so  that  the  construction  of  these  triangles  is 
simplified,  e.  g.,  to  find  B^  draw  from  A^  a  line  making  with  ()  A^  an  angle 
e^qual  to  the  angle  A;  that  line  meets  B  C  in  B^.  The  broken  line  ()  A^B^  C^ 
has  its  angles  A^,  B'  equal  to  the  angles  A,  B,  and  its  vertices  A',  B^,  C  in 
the  sides  A  B,  B  C,  C  D;  trials  of  this  construction  must  be  made  until  (/ 
co-incidee  with  D,  when  A''  A :  m  0  A  is  the  real  root  of  the  equation  in  x. 

Taking  m=^(l,90°),  this  is  Lill's  construction  for  the  real  roots  of  an 
equation  with  real  co- efficients,    hill  has  devised  an  instrument  for  facili- 
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tating  his  construction,   which  is  described  as  follows  (Cremona  Graph. 
Statics  (Beare),  p.  76) : 

''The  apparatus  consists  of  a  perfectly  plane  circular  disc,  which  may  be 
made  of  wood ;  upon  it  is  pasted  a  piece  of  paper  ruled  in  squares.  In  the 
center  of  the  disc,  which  should  remain  fixed,  stands  a  pin,  around  which 
as  a  spindle  another  disc  of  ground  glass  of  equal  diameter  can  turn.  Since 
the  glass  is  transparent,  we  can  with  the  help  of  the  ruled  paper  under- 
neath, immediately  draw  upon  it  the  circuit  corresponding  to  the  given 
equation.  If  we  now  turn  the  glass  plate,  the  ruled  paper  assists  the  eye 
in  finding  the  circuit  which  determines  a  root.  A  division  upon  the  cir- 
cumference of  the  ruled  disc  enables  us  by  means  of  the  deviation  of  the 
first  side  of  the  first  circuit  from  the  first  side  of  the  second,  to  immediately 
determine  the  magnitude  of  the  root.  For  this  purpose  the  first  side  of  the 
circuit  corresponding  to  the  equation  must  be  directed  to  the  zero  point  of 
the  graduation/' 

Linkages  might  be  found  to  perform  mechanically  what  must  be  done 
by  successive  approximations  in  the  method  above,  viz.:  to  bring  the  last 
vertex  C^  into  co-incidence  with  D.  Kempe  has  given  some  linkages  for  a 
different  construction.   [See  Messenger  of  Mathematics,  Vol.  4, 1875,  p.  124.] 

III. 

The  following  constructions  are  given  as  illustrations : 

(a.)    Roots  of  2x2  _,_  4^  4^  1  _.  o.    [Fig.  i.] 

As  the  co-efficients  are  all  real  it  is  preferable,  and  for  real  roots  neces- 
sary, to  transform  the  equation  by  putting  x  -^1  m  --  (1,  90°).  The 
equation  becomes  2  z^  -|-  4  m  z  -j-  m^  -  ( ),  and  ( )  A  -  2,  A  B  -  4  m,  B  C  - 
uj2  _^  —  1.  If  A^  A  :  0  A  is  a  root  of  this  equation  then,  dividing  by  m, 
we  find  A^A:mOAasa  root  of  the  original  equation.  If  this  is  real  A^ 
must  lie  on  A  B,  produced  if  necessar}*.  Remember  that  A^  is  such  that 
O  A^  A,  A^  C  B  are  similar  triangles  and  we  see  that  the  angle  O  A^  C  is  a 
right  angle  when  A^  lies  on  A  B.  Hence  the  circle  on  O  C  as  diameter  cuts 
A  B  in  the  sought  points  A^,  A^\  From  the  figure  the  roots  A^  A  :  m  O  A, 
A'^  A :  m  O  A  are  approximately  — .  3  and  — 1.7. 

(b.)    Roots  of  2  x2  f  2  X  -f  4  -  0.    [Fig.  11.] 

Here  O  A  -=  2,  A  B  -  2  m,  B  C  =  4  m^  -  — 4.  The  circle  on  O  C  as  di- 
ameter  does  not  cut  A  B  and  the  roots  are  imaginary.  Since  O  A^  A,  A'  C  B 
are  similar,  therefore  A^  is  equally  distant  from  A  and  B,  and  that  distance 
is  mean  proportional  between  O  A  and  C  B.  A  circle  with  this  mean  pro- 
portional as  radius  and  center  at  A  or  B  will  therefore  cut  the  perpendicu- 
lar erected  at  the  middle  point  (M)  of  A  B  in  the  sought  points  A\  k.'\ 
The  circle  with  center  at  M  and  cutting  the  circle  on  0  C  as  diameter  at 


right  angles  also  passes  through  these  points.  Conceiving  the  step  m.  O  A' 
<lrawn  from  A''  we  see  that  M  A  and  A^  M,  A'^  M  are  the  real  and  imagi- 
nary components  of  the  roots.  The  roots  given  by  A'  and  kf'  are  by  the 
fignre  —  A  —  1.3m  and  —  \  -•-  l.om. 

(c.)    Real  root  of  2  x^  -f-  4  x-  +  S  f  4  -  o. 

We  have  <)  A  -2,  AC  4m,  BC-  8m^'  -  —8,  CD  --4m^  -  — 4m. 
The  circuit  O  A"  W  D  was  drawn  by  aid  of  transparent  paper  turned  round 
a  pin  with  cross  section  paper  underneath,  after  the  manner  of  Lill's 
wooden  and  ground  glass  discs.  The  root,  A^  A  :  m  O  A  ^  tan  A'^  O  A, 
may  be  read  off  from  the  ci-oss  section  paper  to  several  decimal  places.  It 
is  here  —  .04.... 

0  A^  B^  D  is  the  circuit  for  the  quadratic  equation  that  gives  the  remain- 
ing pair  of  roots  of  the  cubic.  The  circle  on  O  D  as  diameter  will  not  cut 
A'  B^  so  that  these  roots  are  imaginary. 


Ox    SOMK    THEOREMS   <>K    INTECIRATIONS    IX    ^l' ATEKNIONS.       By    A.    S.    HaTHA- 
WAY. 

There  are  certain  identities  among  volume,  surface  and  line  integrals  of  a 
quaternion  function  q~ /(h)  that  include  as  special  cases  the  well  known 
theorems  of  Green  and  Stokes,  that  are  so  often  employed  in  mathematical 
physics.  These  indeiitities  were  first  demonstrated  by  Prof.  Tait  by  the  aid 
of  the  physical  principles  usually  employed  in  forming  the  so-called  *'Equa- 
tion  of  Continuity."    [See  Tait's  Quatermous,  third  ed.,  ch.  XII  J.] 

If  dh  dih,d:ih  be  non-coplanar  differentials  of  the  vector  h,  the  theorems 
may  be  written : 

(1)  — //J*Sdhdihd2h.7q=jyVdhdih.q 

(The  surface  integral  extends  over  the  boundary  of  the  volume  integral 
and  Vdhd  1  h  is  an  outward  facing  element  of  the  surface. ) 

(2)  //V(Vdhdih.v).q=/dhq 

(The  line  integral  extends  over  the  boundary  of  the  surface  integral  in 
the  positive  direction  as  given  by  the  vector  areas  V  dhdjh.) 
These  theorems  are  analogous  to  the  elementary  theorem, 

/"B 

(S)    /dq=qB — qx  or  in  quaternion  notation, 

^  A 

— /SdhV.q— -q 
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It  has  not  been  noticed,  so  far  as  I  am  aware  that  these  identities  are 
equivalent  to  simpler  identities  pertaining  to  the  operator  7i  as  follows: 

(1)^    8dhdihd2h.7-^YdihdahSdh\7-rYd,hdhSdih7-rYdhdihSd2hV 

(2)"    Y  (Y  dhdih. V )=dhSdih~^-dihSdhV 

In  fact  (1)  and  (2)  become  these  (into  q)  when  applied  to  the  elements  of 
volume  and  surface  just  as  (3)  becomes  Sdh  \7~di  (into  q)  when  applied  to 
the  element  of  length. 

To  identify  (1)  and  (1 Y,  let  h  be  the  vector  of  the  mean  point  of  the  par- 
allelopiped  whose  edges  are  dhjdih.da^-  '^^e  outward  vector  areas  of  the 
two  faces  parallel  to  dihjdsb  are  — YdihdjhjYdihdjh,  and  the  correspond- 
ing values  of  q  are  q-rj^dh.\7.q,  q— JSdbV.q;  so  that  sum  of  the  vector 
areas  into  q  is  — Ydihd.,hSdh -y.q,.    Similarly  for  the  other  faces. 

So  to  identify  (2)  and  (2)^,  the  line  elements  bounding  the  parallelogram 
dh,dih  are  dh,dih, — dh, — dih,  and  the  corresponding  values  of  q  are 
q-riSdih^.q,  q— ASdh\7.q,  q— iSd,h^.q,  q— J  Sdh  ^.q  and  the  sum  dhq  is 
dhSd.hv'.q— d,hSdh~.q. 

To  obtain  (1)  from  (1 )'  divide  the  given  volume  into  infinitesimal  parallel- 
opipeds  by  any  three  systems  of  surfaces,  one  of  which  includes  the  bound- 
ary of  the  volume.  In  summing  the  terms  (1)'  the  introduced  interior  sur- 
faces between  adjacent  elements  of  volume  are  gone  over  twice  with  the 
vector  ai'eas  oppositely  directed.  These  surfaces  balance  one  another, 
therefore,  and  may  be  dropped  from  the  summation,  leaving  the  volume 
integral  equal  to  the  surface  integral  over  the  boundary  of  the  volume 
integral. 

AVe  see  also  that  if  any  discontinuity  in  q  or  its  derivatives  exists  within 
the  given  volume  that  the  proper  way  to  overcome  this  is  to  surround  the 
discontinuity  by  surfaces  and  so  exclude  the  discontinuity.  Usually  this 
alters  only  the  surface  over  which  the  surface  integral  extends  without 
affecting  the  volume  integral. 

Similarly  (2)  is  obtained  from  summation  of  (2)^  and,  as  every  student  of 
integral  calculus  is  aware,  (3)  is  obtained  from  dq  in  a  similar  manner. 


THK  .sK(  TIONS  OK  TIIK  AN<'lll)R  RING.       By  AV,  V.  BkOWX. 
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XOTB  ON  THE  BABLY  HISTORY  OK  THE  POTENTIAL  KUXCTIOXS.      By  A.  S.  HaTH- 
AWAY. 

This  IB  to  call  attention  to  an  injustice  that  has  been  done  by  Todhunter 
in  his  ''History  of  the  Theory  of  Attractions "  in  assigning  to  Laplace  in- 
stead of  La^p-ange  the  honor  of  the  introduction  of  the  potential  function 
into  dynamics.  This  injustice  has  been  perpetuated  by  various  encyclope- 
dias, notably  the  Encyclopedia  Britannica,  and  by  leading  text  books,  such 
as  Thompson  and  Tait's  Natural  Philosophy,  and  Maxwell's  Electricity  and 
Magnetism.  In  an  article  in  Vol.  1  No.  3  of  the  Bulletin  of  the  New  York 
Mathematical  Society  (Dec.  1891)  I  have  shown  conclusively  that  Lagrange 
anticipated  Laplace  by  at  least  ten  years  in  investigations  on  the  potential. 
Laplace's  first  announcement  is  fixed  by  Todhunter  as  between  1783  and 
1785,  and  this  was  merely  through  the  paper  of  another,  Legendre.  La- 
grange on  the  other  hand,  wrote  distinctly  upon  that  subject  in  1773, 1777 
and  1780;  and  in  the  last  paper  the  notation  is  the  same  as  that  used  by  La- 
place three  or  four  years  later.  There  is  also  evidence  that  Lagrange  had 
begnn  to  develop  the  idea  of  the  potential  as  early  as  17G3,  in  connection 
with  his  celebrated  generalized  equations  of  motion. 
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Some  geometrical  propositions.    By  C.  A.  Waldo. 


Notes  on  numerical  radices.    By  C.  A.  Waldo. 


Some  suggested  chancres  in  notation.    By  R.  L.  Green. 


An  adjustment  for  the  control  magnet  on  a  mirror  galvanometer.    By 
J.  P.  Naylor. 


A  combined  WiIEATSTONK's  BRID(tE  AND  POTENTIOMETER.      By  J.  P.  NaYLOK. 


HiSTERESIS  CURVES  FOR  MITI8  AND  OTHER  CAST  IRON.      By  J.  E.  MoOKEaudE. 
M.  TiNGLEY. 
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Heating  of  a  dielectric  in  a  condenser— Preliminary  note.    By  Albkkt 
P.  Carman. 


Preliminary  notes  on  the  geology  of  Dearborn  county.    By  A.J.  Bigney. 

The  geological  formations  in  Dearborn  connty  are  the  lower  silorian 
which  is  found  in  almost  every  part  of  the  county,  the  upper  silurian  occa- 
pying  only  a  small  area  in  the  northwest  part  of  the  county  and  the  glacial 
deposit  of  the  post-tertiary  times.  Blue  limestone  is  the  characteristic  rock. 
The  rock  is  abundantly  supplied  with  fossils,  much  of  it  being  composed 
almost  entirely  of  brachiopods,  corals  and  other  closely  related  fossils.  On 
this  account  they  are  of  little  value  for  building  purposes,  the  chief  use  be- 
ing for  foundation  stones.  Some  of  the  hardest  will  weather  very  percep- 
tibly in  only  a  few  years.  Along  the  railroad  at  Moore's  Hill,  the  rocks  are 
so  easily  disintegrated  that  the  cliffs  appear  more  like  immense  shell  banks 
than  true  rocks. 

In  the  northern  part  of  the  county,  near  the  upper  silurian  outcrop,  the 
rock  is  much  harder  and  is  quarried  in  considerable  quantities,  and  Lb  re- 
garded  as  a  very  fine  quality  of  stone.  It,  however,  is  not  equal  to  that 
which  is  found  in  Ripley  and  Decatur  counties.  Where  there  is  no  drift 
the  soil  is  marly— that  is,  composed  of  lime,  clay,  sand,  etc.  In  the  greater 
part  of  the  county  and  especially  in  the  western  section  there  is  much  clay ; 
on  the  flats  this  is  very  tenacious.  In  the  eastern  part  of  the  county  along 
the  Ohio  drift  deposits  are  very  prominent.  There  is  some  drift  at  New- 
town, near  Lawrenceburgh,  but  the  most  important  deposits  are  just  outside 
the  county,  in  Ohio  county,  and  where  it  is  about  fifty  feet  thick  and  three 
miles  below  Aurora  on  the  Kentucky  side,  above  and  below  Wolper  creek. 
About  five  miles  further  to  the  south  in  Boone  county,  Ky.,  still  more  drift 
is  to  be  found.  This  last  deposit  is  about  on  a  level  with  the  highest  part 
of  the  cliff,  that  is,  1,000  feet.  The  drift  at  the  mouth  of  Wolper  creek, 
called  Split-rock,  is  an  immense  mass  of  conglomerate  fully  100  feet  thick 
and  nearly  400  feet  lower  than  that  five  miles  to  the  south.  There* is  one 
perpendicular  cliff  that  measures  73  feet  high,  and  above  this  there  is  a  rise 
of  about  20  feet  more,  and  how  deep  it  extends  no  one  has  investigated. 
About  one-  fourth  mile  to  the  s6uth,  on  the  opposite  side  of  a  small  creek, 
is  stillmore  deposit  and  one  cliff  is  even  higher  than  the  one  just  described. 
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In  the  lower  part  of  this  drift,  which  is  finer  thail  the  upper  drift,  gold 
has  been  found,  more  particularly,  however,  on  the  Indiana  side. 

The  fossil  remains  in  the  county  are  rich,  and  a  fuller  report  may  be  given 
at  some  future  time.  Only  a  few  can  receive  our  attention  in  this  paper. 
Near  Aurora  and  Lawrenceburgh  numerous  bones  of  the  mastodon  and 
mammoth  have  been  found.  The  bones  of  a  sloth  and  the  skull  of  a  black 
bear  have  also  been  found,  and  a  few  other  mammals.  Brachiopods,  crin- 
oids,  tri]obites,  mollnsks,  bryozoa,  corals,  etc.,  are  found  in  great  abundance. 
The  trilobites  are  not  so  numerous  as  they  used  to  be,  for  most  of  the  speci- 
mens have  been  collected— that  is,  the  surface  specimens.  While  exploring 
a  mound  four  miles  north  of  Moore's  Hill  several  large  specimens  of  the 
coral,  tetrad ium  fibratum  were  found*  One  of  them  required  four  men  to 
place  it  in  the  wagon.  One  little  ravine  seemed  to  be  literally  filled  with 
it.  Prof.  Gorby  pronounced  these  the  finest  specimens  of  the  kind  in  the 
state.    They  are  noW  in  the  museum  at  Moore's  Hill  College. 


TlIK  CYSTIDIANS  OF  JeFKERSON  COINTY,  InD. — By  CtBO.  C.  HubBARI). 

These  fossils  form  an  order  of  the  crinoids,  and  are  most  abundant  in  the 
Niagara  group.  About  thirty  species,  up  to  this  time,  have  been  found  in 
Jefferson  county,  which  proves  it  to  be  the  richest  locality  in  this  respect 
in  North  America,  if  not  in  the  world.  Fifteen  new  species  will  be  described 
and  figured  in  the  17th  report  of  the  Geological  Survey  of  Indiana,  most  of 
which,  if  not  all,  were  collected  by  Mr.  John  Hammel.  Those  found  be- 
long to  the  genera  holocystites,  caryocrinus  and  allocystiteH.  These  fossils 
are  uniformly  found  in  shale  or  soft  limestone,  near  the  bottom  of  the  Ni- 
agara group.  Near  Madison  few  have  been  found  and  these  are  in  poor 
condition;  but  along  Big  creek,  in  the  northern  part  of  the  county,  they 
are  more  numerous  and  are  well  preserved.  On  two  or  three  occasions  I 
had  the  pleasure  of  accompanjring  Mr.  Hammel  to  Big  creek.  Numerous 
other  fossils  were  found,  but  few  cystidians.  If  an  experienced  collector 
finds  two  or  three  good  specimens  in  a  day's  search  he  may  consider  him- 
self fortunate.  A  few  are  found  in  the  debris  at  the  base  of  the  low  clifis  or 
in  the  bed  of  the  creek ;  more  are  obtained,  however,  by  moving  along  on 
hands  and  knees  and  closely  examining  the  various  strata  known  to  con- 
tain them,  as  well  as  the  bottom  of  the  projecting  rocks  above,  for  they  are 
often  found  adhering  to  the  lower  surface  of  certain  ^strata. 
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Hudson  river  fossils  of  Jefferson  cointy,  Indiana.    By  Geo.  C.  Hub- 
bard. 

In  the  Geological  Report  of  Indiana  for  1874,  there  appeared  a  list  of 
Hudson  River  foBsils  prepared  by  Dr.  W.  J.  S.  Comett,  containing  the 
names  of  seventy -six  species  and  varieties.  They  were  classified  as  pUm- 
Ue,  encriniies,  paroiUic  coraUf  unimlveSf  orthU  and  trUobiies.  Among  the  "or- 
this"  were  modiolopsis  modiolaris,  a  lamellibranch,  and  streptelasma  cor- 
nicalum,  a  cup  coral.  Te^dium  fibratum,  a  columnar  coral,  was  placed 
under  ''  univalves.''  Young  and  old  of  the  same  species  were  sometimes 
classed  as  two  species.  Strophomena  nutans,  which  has  never  been  found 
in  Indiana,  was  included  in  the  list.  These  and  similar  errors,  together 
with  the  incompleteness  of  the  list,  call  for  a  second  attempt. 

The  species  included  in  this  second  list  have  been  collected  chiefly  by 
myself  in  the  vicinity  of  Madison.  Most  of  the  crinoids,  however,  were 
named  from  Mr.  Jno.  Hammel's  extensive  collection. 

The  list,  which  is  too  long  for  an  abstract,  contains: 

Plantse 8  species. 

Porifera 6  " 

Anthozoa 25  " 

Crinoidea .28  *' 

Stellerida 0  " 

Bryozoa 14  ** 

Brachiopoda 32  " 

Pteropoda 3  " 

Gasteropoda 20  " 

Cephalopoda 18  " 

Lamellibranchiata       26  " 

Anndifla 4  " 

Crustacea 8  " 

Total     198 

Among  these  some  ten  or  twelve  are  believed  to  be  undescribed  species. 


The  rpPER  limit  of  the  lower  Silurian  at  Madison,  Ind. — By  George  C. 
Hubbard. 

The  upper  strata  of  the  bluflfs  along  the  Ohio  river  belong  to  the  Niagara 
group,  and  the  lower  to  the  Hudson  river  or  Cincinnati  group ;  but  the 
exact  line  of  demarcation  between  them  has  long  been  an  unsettled  ques- 
tion.   The  importance  of  this  parting  is  recognized  when  we  remember 
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that  it  exists  wherever  the  Silurian  rockB  are  exposed,  and  that  here  in  au 
altitude  of  more  than  20,000  feet  of  the  earth's  cmst,  representing  a  period 
of  untold  ages,  the  greatest  break  in  animal  life  occurred ;  but  one-fourth 
of  the  genera  represented  in  the  lower  Silurian  being  found  in  the  upper 
Silurian,  while  the  species  are  almost  entirely  new. 

In  Ripley  county,  along  Graham  creek,  this  parting  is  easily  determined 
by  means  of  the  abundant  and  well  preserved  fossils,  but  at  Madison  this  is 
not  the  case.  Fossils  are  easily  found  from  the  level  of  the  river  to  a  height 
of  300  feet,  where  the  favistella  stillata  bed  outcrops.  Above  this  for  sev- 
enty-five feet  the  strata  are  nearly  non  fossiliferous.  At  three  hundred 
seventy-five  feet  above  the  Ohio  the  * 'cliff  rock''  outcrops,  which  contains 
characteristic  Niagara  fossils. 

In  1859  ProL  Richard  Owen,  after  a  hasty  examination,  stated  the  favis- 
tella reef  to  be  the  limit.  A  few  years  later  Prof.  Eaton  discovered  tetra- 
diam  fibratum,  a  Hudson  river  fossil,  six  feet  higher.  Subsequently,  Dr.  W. 
J.  S.  Comett  claimed  that  he  had  discovered  a  10  inch  stratum  about  fifty 
feet  above  the  favisteUa  reef  containing  orthis  occidentalis  and  other  Hud- 
son river  fossils,  and  announced  this  stratum  as  the  last  of  the  lower  si- 
loiian. 

In  1889  I  commenced  collecting  fossils,  being  unacquainted  with  what 
has  been  stated  just  above.  Occasionally  at  the  head  of  ravines  I  found 
fossils  in  fallen  rocks  which  were  undescribed  in  any  of  my  books  on  pa- 
laeontology. Some  were  sent  to  S.  A.  Miller,  of  Cincinnati,  who  returned 
them,  saying  they  were  new  species.  This  made  me  eager  to  ascertain  the 
position  from  which  the  rock  bearing  them  came.  Mr.  John  Hammel  and 
I  commenced  an  investigation  and  discovered  that  it  is  situated  near  the 
summit  of  the  precipices  forming  the  various  falls  west  of  Madieon.  Imme- 
diately above  we  found  a  hard,  durable  salmon-colored  stone  which,  on  ac- 
count of  its  greater  resistance  to  decomposition,  shielded  and  concealed  the 
stratum  beneath.  The  upper  stratum  was  found  to  contain  certain  Niagara 
fossils,  and  later  investigation  has  shown  that  there  is  an  abrupt  pala^on- 
tological  break  between  the  two  strata,  corresponding  to  the  cycles  of  time 
when  the  lower  Silurian  rocks  were  elevated  above  the  surface  of  the  ocean 
and  subjected  to  the  disintegrating  action  of  the  elements. 

By  comparing  the  upper  stratum,  according  to  our  determination,  with 
that  selected  by  Dr.  Comett  at  the  stone  quarry  near  his  residence,  they 
were  found  to  be  identical.  Hence,  to  this  gentleman  belongs  the  honor  of 
the  discovery,  our  labors  simply  confirming  his  conclusion. 
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The  only  facts  which  militate  against  the  validity  of  the  limit  assigned 
are  that  a  survey  of  the  two  strata  up  and  down  the  river  for  several  miles 
shows  them  to  be  conformable ;  bat  as  stated  above,  in  Ripley  county  the 
fifty  feet  of  non-fossiliferous  rock  is  absent,  proving  non-conformability, 
and  that  the  fossils,  with  few  exceptions,  are  unlike  others  found  in  the 
Hudson  river  group. 


The  Kankakke  rivek  and  pure  water  for  Northwestern  Indiana  and 
Chicago — By  J.  L.  Campbell. 

The  Kankakee  river  is  the  unsolved  engineering  problem  of  Indiana. 

How  to  secure  the  proper  drainage  of  the  vast  basin  known  as  the  Kan- 
kakee marshes  is  a  question  which  has  not  had  a  practical  answer— chiefly 
on  account  of  the  expense  necessary  to  carry  out  any  of  the  proposed  plans. 
A  new  interest  in  this  (iueetion  may  be  developed  in  connection  with  the 
problem  of  an  adequate  supply  of  pure  water  for  the  new  cities  in  north- 
western Indiana  and  of  Chicago,  beyond  our  borders. 

The  fact  exists,  although  vigorously  denied  by  citizens  of  Chicago,  that 
pure  water  has  not  been  obtained  by  the  tunnel  system  into  Lake  Michigan, 
and  it  is  more  than  probable  that  further  extension  of  the  system  will  fail 
to  furnish  pure  water,  and  after  the  most  costly  experiments  or  repeated 
disappointments  the  city  will  Iseek  its  water  supply  from  other  sources. 

The  effort  to  keep  the  lake  water  pure  by  artificial  drainage  of  the  city 
into  the  Illinois  river  may  be  partially  successful — but  even  this  is  doubt- 
ful— and  at  best  changes  will  be  enormously  expensive, — literally  an  up-hill 
business. 

It  will  not  be  denied  that  a  vast  territory  around  Chicago  cannot  be  in- 
cluded in  the  artificial  drainage  system,  and  this  territory  will  continue  to 
be  drained  into  Lake  Michigan. 

The  mouth  of  the  tunnel,  whether  located  two  or  ten  miles  from  the 
shore,  is  the  source  of  an  artificial  stream  toward  which  currents  must  tend 
from  all  directions.  Into  these  currents  the  impure  drainage  of  the  city 
will  be  carried,  and  the  water  supply  will  be  contaminated. 

The  extension  of  the  tunnels  doubtless  will  furnish  less  impure  water, 
but  certainly  not  the  pure  supply  necessary  for  the  health  of  a  great  city. 

The  practical  (luestions  connected  with  the  question  of  the  water  supply 
of  a  great  city  are : — 
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{ 1 )  Purity  of  water. 

(2)  Adequacy  of  supply. 

(3)  Elevation. 

(4)  Cost  of  construction. 

The  purpose  of  this  paper  is  to  show  that  the  Kankakee  river  furnishes 
a  satisfactory  answer  to  these  questions. 

The  river  takes  its  rise  in  the  marsh  land  near  South  Bend,  in  St.  Joseph 
county,  Indiana,  at  an  elevation  of  seven  hundred  and  twenty  feet  ahove 
sea  level,  and  by  an  extremely  crooked  course  through  Indiana,  enters  Illi- 
nois a  few  miles  east  of  Momence.  The  length  of  the  river  in  Indiana  is 
nearly  two  hundred  and  fifty  miles. 

According  to  a  survey  made  by  the  author  of  this  paper  for  the  State  of 
Indiana  in  1882  this  channel  could  be  reduced  for  better  drainage  to  less 
than  one  hundred  miles. 

The  chief  tributary  of  the  Kankakee  is  Yellow  river,  which  rises  in  the 
eastern  part  of  Marshall  county. 

The  country  adjacent  to  the  river  is  a  broad  plain,  varying  in  width  from 
one  to  twenty  miles,  along  the  borders  of  which  are  sand  ridges  which  give 
to  the  region  the  designation  of  the  Kankakee  Valley,  and  which  have  pro- 
duced the  erroneous  impression  that  the  marsh  is  a  low  irreclaimable 
swamp,  whereas  the  fact  is  that  it  is  an  elevated  plateau  with  a  mean  level 
of  ninety  feet  above  Lake  Michigan  and  six  hundred  and  seventy  feet  above 
the  ocean. 

The  plateau  has  a  slope  westward  of  one  foot  per  mile. 

The  water  of  the  Kankakee  is  remarkably  pure  and  clear,  and  is  regarded 
by  all  who  have  used  it  as  exceptionally  healthful. 

Iron  is  found  in  solution,  which  doubtless  adds  value  to  the  water  for 
general  purposes. 

The  bed  of  the  Kankakee  and  of  its  tributaries  generally  is  fine  sand  and 
gravel,  and  the  underlying  strata  throughout  the  valley  are  fine  sand  Ib- 
creasing  to  coarse  gravel.  Clay  beds  are  rare  and  there  is  no  stone  along 
the  stream  throughout  Indiana.  The  overlying  loam  varies  in  thickness 
from  a  few  inches  to  several  feet,  and  the  surface  generally  is  an  unre- 
claimed marsh  in  which  coarse  grass,  wild  rice  and  weeds  grow  in  the  great- 
est laxuriance. 

The  crookedness  of  the  stream  is  readily  explained  by  the  instability  of 
the  sandy  strata  through  which  it  flows — the  twelve  inches  of  surface  slope 
being  reduced  to  four  inches,  measured  in  the  channel  of  the  stream. 
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The  sandy  Bubstratum  makes  the  entire  valley  a  vast  filtering  basin— a 
great  lake  filled  with  sand  and  gravel,  whence  issues  the  pure  and  limpid 
water  of  the  Kankakee  river. 

This  is  a  satisfactory  answer  to  the  first  and  most  important  question  con- 
cerning a  city  water  supply. 

The  second  question  is  the  adequacy  of  supply. 

The  most  convenient  point  on  the  Kankakee  for  starting  a  pipe  line  to  Chi- 
cago or  any  of  the  new  cities  in  the  northwestern  part  of  Indiana  is  in 
township  33  north,  range  6  west,  not  far  from  the  boundary  line  between 
Porter  and  Lake  counties. 

The  drainage  area  of  the  basin  above  this  point  is  about  twelve  hundred 
square  miles,  which  is  four  times  the  area  of  the  Croton  baain  whence  is 
derived  the  water  supply  of  New  York. 

The  sluggish  flow  of  the  river,  due  to  the  fall  of  only  four  inches  to  the 
mile,  substantially  makes  this  basin  of  over  a  thousand  square  miles  a  re- 
servoir more  than  sufficient  for  the  greatest  demands,  and  satisfactorily  an- 
swers the  second  general  question  concerning  a  city  supply. 

In  answer  to  the  third  and  fourth  general  questions,  the  state  survey  of 
1882  shows  that  the  eleva'ion  of  the  initial  point  already  designated  as  the 
proper  beginning  place  for  a  pipe  line  is  seventy-three  (73)  feet  above  lake 
Michigan,  or  sixty-nine  feet  above  the  Illinois  Central  depot  on  the  lake 
front  of  Chicago,  or  fifty-one  feet  above  the  railway  station  at  Toleston. 

The  distance  from  the  initial  point  to  Chicago  is  less  than  fifty  miles  and 
to  Toleston  twenty- five  miles. 

The  sand  ridge  on  the  north  side  of  the  Kankakee  has  a  probable  altitude 
of  fifty  feet,  and  in  the  absence  of  a  survey  it  cannot  be  stated  whether  it 
would  be  better  to  excavate  through  this  ridge  for  the  pipe  line  or  to  pump 
the  water  to  the  summit.  If  it  is  found  feasible  to  excavate  for  the  line  a 
a  flow  of  water  by  gravity  alone  can  be  secured  from  the  Kankakee  to  the 
lake  front  in  Chicago,  with  a  fall  of  one  foot  per  mile,  into  the  receiving 
reservoir  twenty-three  feet  above  the  level  of  the  street.  The  first  Croton 
aqueduct  has  a  fall  of  forty- seven  feet  in  thirty -eight  miles. 

If  it  is  found  more  expedient  to  pump  the  water  to  the  summit  it  is  pos- 
sible that  an  open  channel  along  the  surface  of  the  ridge  could  be  con- 
structed so  as  to  reduce  the  closed  pipe  line  to  twenty-  five  miles  and  to  de- 
liver the  water  in  Chicago  with  a  standpipe  pressure  of  from  fifty  to  seventy- 
five  feet. 
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These  questions  cannot  be  satisfactorily  answered  until  after  a  careful 
survey  has  heen  made. 

The  importance  of  this  enterprise  cannot  easily  be  overestimated,  and 
the  cost  of  the  work,  even  if  it  should  reach  millions,  will  be  insignificant 
in  comparison  with  the  results  to  be  obtained. 


Explorations  of  Mt.  Orizaba.    By  J.  T.  Scovell. 


Variations  ix  the  dynamical  conditions  during  the  deposit  of  the  rock 
BED8  AT  Richmond,  Ind.    By  Joseph  Moore. 


The  relation  of  the  keokuk  CrROUPs  of  Montgomery  county  with  the 
TYPICAL  locality.    By  C.  S.  Beachler. 


Comments  on  the  descrii»tion8  of  species.    By  C.  S.  Bea(  hler. 


Ox  A  deposit  of  vertebrate  fossils  IX  Colorado.    By  Amos  AV.  Butler. 


Toi*ooiiapiiical  evidence  of  a  great  and  sudden  diminution  of  the  an- 
cient WATER  supply  OF  THE  WaBASH  RIVER.      By  J.  T.  CaMPBELL. 


SOUBCE  OF   SUPPLY   TO    MEDIAL   MORAINS    PROBABLY    FROM  THK  BOTTOM  OF  THK 

glacial  channel.    By  J.  T.  Campbell. 


Notes  on  a  Kansas  si»E(  irs  of  mcKEYE.    By  W.  A.  Kkli.erman. 


pllotographinci  certain  natural  oiukcts  without  a  (  amkra.    by  w.  a. 
Kellkrman. 


On  the  occurrence  of  certain  western  plants  at  O^lumiu  s,  Ohio.     By 
Aug.  D.  Selry. 

[A«8TRA(T]. 

It  is  my  purpose  in  this  paper  to  point  out  two  features  of  tiie  flora  in 
the  vicinity  of  Columbus,  Ohio,  which  combine  to  present  in  it  a  represen- 
tation of  western  plants ;  as  a  result  of  the  one,  we  find  in  that  locality  the 
beginning  of  western  species,  and  by  the  other  are  to  note  the  compara- 
tively recent  introduction  of  al^>od  many  far- western  and  southwestern 
plants,  some  of  which  appear  there,  perhaps,  for  the  first  time  east  of  the 
Mississippi  river. 

In  Central  Ohio  there  is  a  marked  blending  of  eastern  and  western  spe- 
cies of  plants;  east  and  southeast  of  Columbus  but  a  short  distance  will 
bring  one  into  the  typical  Appalachian  flora,  while  to  the  westward  the 
entire  haU  of  the  state  is  underlain  by  the  great  limestone  formations  and 
with  the  outcrop  of  the  corniferous  limestone,  the  first  to  be  met  with 
traveling  westward,  plants  of  a  well-marked  western  range  begin  to  appear. 
This  feature  was  referred  to  by  ProL  J.  S.  Newberry*  in  1859.  He  points 
out  a  peculiar  facies  due  (in  part)  to  the  presence  of  a  number  of  the  prai- 
rie plants  of  the  west  here  on  the  eastern  limits  of  their  range. 

The  following  species  may  be  cited  as  illustrating  this  fact,  all  occurring 
near  Columbus : 

Erysimum  aspernm,  Trifolium  stoloniferum,  Cornus  asperifoUa. 

Aster  azureus,  Aster  Shortii,  Helianthus  doronicoides. 

Camassia  Fraseri,  Bouteloua  racemosa. 

But  it  is  to  the  presence  of  a  number  of  distinctly  western  and  south- 
western plants  introduced  by  wholesale,  as  it  were,  that  more  particular  at- 
tention is  directed. 

Columbus,  in  common  with  all  railroad  centers  through  which  shipment 
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of  products  from  the  west  regularly  occurs,  is  in  a  position  to  receive  the 
plants  thus  dropped.  Artemisia  biennis  and  Verbena  Btricta  have  been 
received  by  this  means ;  the  latter  is  especially  abundant  around  the  rail- 
road intersections.  In  addition  to  this  opportunity,  an  exceptional  one,  as 
it  would  appear,  is  presented  by  the  permanent  quarters  of  a  circus  and 
menagerie    (Sells  Brothers'). 

On  the  grounds  about  these  winter  quarters  near  Columbus,  about 
twenty  species  of  plants  have  been  introduced  and  more  than  half  of  them 
have  not  appeared  elsewhere  in  the  vicinity.  The  range  and  distribution 
of  the  plants  found  is  such  as  to  increase  the  interest  attaching  to  their  ap- 
pearance. The  seeds  were  evidently  brought  upon  the  return  at  the  close 
of  the  season,  carried  in  cars,  cages,  wagons,  or  preserved  in  the  intestines 
of  animals.  The  litter  of  cars  and  cages  seems  to  the  writer  the  most  likely 
vehicle  for  the  seeds  of  the  larger  number  of  plants  found. 

Below  are  the  species  found  on  the  circus  grounds  and  appearing  by 
Home  agency  connected  therewith;  those  introduced  independently  at 
other  points  in  the  county  are  marked  with  an  asterisk ;  accompanying 
certain  ones  the  range  of  the  species  is  copied  from  the  Manual  or  ^^ynop- 
tical  Flora : 

Callirrhoe  involucrata.  Gray.    Minnesota  to  Texas. 

Erodium  cicutarium,  L'Her. 

Clarkia  pulchella,  Pursh.    Western  Montana  and  westward. 

Amphiachyris  dracunculoides,  Nutt.    Plains,  Kansas  and  southward. 

Aster  pauciliorus,  Nutt.    Kansas  and  west  (?). 

Artemisia  annua  L. 

Dysodia  chrysanthemoides,  Lag."^' 

Gutierrezia  Texana,  Torr  &  Gray.    Sterile  plains  throughout  Texas. 

Helenium  microcephalum,  DC.  Southern  Texas  and  adjacent  Mexico. 

Helenium  nudiflorum,  Nutt. 

Helenium  tenuifolium,  Nutt.    West  of  Mississippi  river. 

Parthenium  Hysterophorus,  L.  Throughout  Eastern  and  Central  Texas, 
also  east  of  Mississippi  river. 

Solanum  rostratum,  Dunal.  Plains  of  Nebraska  to  Texas,  spreading  east- 
ward. 

Verbena  angustifolia,  Michx. 

Monaida  dtriodora,  Cerv.    Nebraska  to  Texas. 

Plantago  Patagonica,  Jacq.,  var  aristata,  Gray.* 

Amarantus  spinosns,  L. 
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Chenopodium  ambroeioides,  L.  var.  anthelminticum,  Gray. 

Croton  capitatus,  Michx. 

Avena  fatua,  L. 

Of  those  here  much  beyond  their  asaigned  limits,  three  show  decidedly 
weedy  tendencies.  They  are  Solamum  rostratum,  Dysodia  chrysanthem- 
oides  and  Partheniam  Hysterophorus.  The  two  last  named  promise  to 
become  permanent  additions  to  oar  flora,  undesirable  though  they  may  be. 

The  circus  is  at  present  in  Australia  and  we  shall  watch  with  interest  to 
secure  anything  that  may  be  brought  from  there. 


Biological  surveys.    By  John  M.  Coulter. 


Some  strange  devkixjpments  op  stomata  upon  Carya   alba  caused  ky 
Phylloxera.    By  D.  A.  Owen. 

[AlWTRAtTj. 

Upon  the  upper  side  of  the  leaf  of  Carya  alba  are  found  some  hemispher- 
ical and  conical  galls  produced  by  the  little  insect  Phylloxera.  These  galls 
are  the  receptacles  for  the  eggs,  or  nest  of  these  insects. 

The  stomata  in  leaves  uninjured  are  all  found  upon  the  lower  surface. 
But  in  those  containing  galls  there  are  seldom  any  stomata  found  in  the 
epidermis  just  beneath  the  gall.  The  upper  side  is  entirely  free  from  sto- 
mata with  the  exception  of  the  gall  itself.  In  no  case  was  any  gall  exam- 
ined in  which  stomata  were  not  found  upon  the  upper  surface.  And  with 
but  one  or  two  exceptions  no  stomata  were  found  upon  the  under  surface 
just  beneath  the  gall. 

Surrounding  and  within  the  opening  of  the  gall  upon  the  under  side  of 
the  leaf  minute  hairs  were  found,  all  extending  outward  as  if  to  guard  the 
opening  against  the  entrance  of  an  enemy. 

There  seems,  from  the  above,  to  be  an  intimate  relation  existing  here  be- 
tween the  plant  and  animal. 


Preliminary  paper  on  the  flora  of  Henry  county,  Ind.    By  T.  B.  Red- 
ding and  Mrs.  Rosa  Redding  Mikeijs. 
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A  NEW  COMPOUND  MICROTOME.      By   GbO.  C.  HuBBARD. 

Wishing  to  prepare  some  slides  exhibitiiig  the  structure  of  yarious  ani- 
mal tiflsuea  and  oigans,  but  having  no  microtome,  I  made  one  of  wood 
chiefly,  at  a  cost  of  thirty  cents  and  two  or  three  days'  labor. 

The  principle  of  the  machine  is  to  prepare  sections  by  quickly  forcing  the 
tiaue,  supported  on  a  carrier  attached  to  the  circumference  of  a  12-inch 
wheel,  acron  the  edge  of  a  razor,  which  is  brought  automatically  a  slight 
distance  nearer  the  tissue  at  each  rotation  of  the  wheel. 

The  base  of  the  machine  is  a  heavy  board  about  thirteen  inches  lon^  by 
eight  in  width.  At  the  middle  of  each  side  inflexible  standards  are  erected 
and  adjustable  bearings  provided,  the  centre  of  tbe  opening  in  each  being 
six  and  one  half  inches  above  the  board.  In  these  bearings  rests  the  axis 
of  the  12-inch  wheel,  which  is  turned  by  means  of  a  crank. 

The  support  for  the  tissue  consists  of  a  round  brass  disc  of  any  conve- 
nient size  attached  at  its  centre  to  one  end  of  a  short  cylindrical  rod.  This 
rod  fits  into  a  corresponding  orifice  extending  through  the  middle  of  a  half- 
deft  sphere,  which  fits  loosely  in  a  corresponding  socket  in  the  circumfer- 
ence of  the  wheel.  One  side  (the  one  opposite  to  the  automatic  feeder)  of 
this  socket  is  made  adjustable  by  removing  a  round  bit  of  wood  and  in- 
serting in  its  stead  a  concave  disc,  which  is  attached  to  the  short  end  of  a 
straight  lever  extending  down  the  side  of  the  wheel  to  near  the  axis.  A 
screw  passing  loosely  through  the  lever  about  an  inch  from  the  center  of 
the  disc  into  the  wheel  serves  as  a  fulcrum.  Let  this  lever  be  called  A. 
The  long  arm  of  A  is  moved  by  means  of  a  circular  wedge  turning  upon 
the  round  end  of  the  wheel's  axis.  The  thick  part  of  the  wedge  is  allowed 
to  project  four  or  five  inches  beyond  the  line  of  the  circumference  of  the 
circle,  and  provided  with  a  knob,  thus  forming  a  second  lever,  B,  to  which 
the  power  is  applied.  Instead  of  B  and  the  wedge,  a  thumb-screw  may  be 
screwed  through  the  long  end  of  A,  its  end  turning  against  the  side  of  the 
wheel. 

When  the  tissue  has  been  fastened  to  the  brass  disc  in  the  usual  way,  its 
round  support  is  thrust  into  the  opening  of  the  ball.  The  carrier  is  turned 
and  bent  in  any  direction  and  pushed  out  or  in  until  tne  tissue  is  in  the 
right  position  with  regard  to  the  razor.  A  slight  force  exerted  on  the  knob 
of  B  moves  B  forward  thus  causing  a  thicker  part  of  the  circular  wedge  to 
pass  between  the  wheel  and  the  long  arm  of  A,  which  forces  the  concave 
disc  at  the  other  arm  against  the  half-cleft  ball,  thus  causing  it  to  grip  firm- 
ly the  tissue  support  If  a  thumb-screw  be  used,  it  must  be  turned  three 
or  four  times  to  produce  the  same  efiect. 
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At  one  end  of  the  board  forming  the  base  of  the  machine  is  fastened,  by 
means  of  two  hinges,  a  perpendicular  piece  of  wood  six  and  one-half  inches 
long,  cut  so  that  there  are  three  arms  above.  Each  of  two  of  these  has  an 
opening  at  its  upper  extremity  suitable  for  receiving  the  razor,  and  is  pro- 
vided with  a  set-screw  for  clamping  the  razor. 

To  the  third  arm  is  attached  a  nut  in  which  work  the  threads  of  a  bolt, 
which  extends  horizontally  to  near  the  axis.  The  head  of  the  bolt  is  at- 
tached to  the  centre  of  a  wheel  some  four  or  five  inches  in  diameter.  The 
bolt  now  forms  the  axis  of  this  wheel  and  must  be  supported  at  t^e  wheel 
by  an  unyielding  bearing.  Taming  this  wheel  once  in  the  right  direction 
pulls  the  razor  forward  a  distance  equal  to  that  between  the  threads,  which 
we  shall  suppose  to  be  one-sixteenth  of  an  inch. 

On  the  face  farthest  from  the  razor  of  the  small  wheel,  about  twenty 
round  brads  are  inserted  near  the  circumference  at  equal  distances  apart,  and 
all  the  same  distance  fiwn  the  centre  of  the  bolt.  If  the  wheel  be  rotated  the 
distance  between  two  brads,  the  razor  is  drawn  forward  one  three  hundred 
and  twentieth  of  an  inch. 

A  small  rectangle  of  tin  or  brass  about  three-fourths  of  an  inch  long  is 
bent  at  right  angles,  and  one  edge  is  cut  to  form  a  slightly  concave  set  of 
twelve  vertical  teeth  of  equal  size,  to  turn  the  4-inch  wheel  by  pushing 
against  the  brads.  If  ten  of  the  teeth  are  used,  one  tooth  will  move  the 
razor  forward  one  thirty-two  hundredth  of  an  inch. 

This  ratchet  is  now  fastened  to  the  side  of  a  long  horizontal  lever,  which 
is  secured  at  one  end  to  an  upright  support.  The  other  arm  rests  upon  an 
eccentric  on  the  square  end  of  the  axis  of  the  1 2-inch  wheel.  Turning  this 
wheel  causes  an  up-and-down  motion  of  the  ratchet.  The  eccentric  has  a 
rectangular  opening  so  that  it  may  be  slipped  upon  the  axis  and  made 
more  or  less  eccentric.  It  is  held  in  any  desired  position  by  a  set-screw. 
A  peg,  or  better  a  screw  with  the  head  removed,  projects  from  the  under 
side  of  the  lever  just  mentioned  into  a  groove  made  in  the  circumference 
of  the  eccentric.  This  groove  must  be  so  arranged,  that  when  the  ratchet 
is  rising,  a  tooth  catches  under  a  brad ;  but  when  it  ceases  to  rise,  a  short 
oblique  portion  of  the  groove  moves  the  tooth  from  under  the  brad.  The 
groove  now  resumes  its  straight  course  so  as  to  prevent  the  next  tooth 
above  from  coming  in  contact  with  the  brad  as  the  ratchet  descends.  An- 
other short  oblique  portion  of  the  groove  brings  this  tooth  under  the 
brad.  As  one  brad  escapes  from  the  top  of  the  ratchet,  another  enters  at 
the  bottom. 
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To  prevent  any  lost  motion,  and  to  push  back  the  razor  support  when 
the  4- inch  wheel  is  turned  backward,  a  strong  spiral  spring  may  be  placed 
on  the  bolt  bo  as  to  extend  from  the  bearing  to  the  nut. 

With  the  above  described  arrangement  of  parts,  sections  can  be  cut  one 
thirty-two  hundredth  of  an  inch  thick.  By  shifting  the  eccentric  so  that 
alternate  teeth  work,  the  sections  are  of  double  the  thickness,  etc.  But 
little  eccentricity  is  needed,  about  one-sixteenth  of  an  inch  being  sufficient 
when  each  tooth  of  the  ratchet  is  employed. 


On  the  organogeny  ok  Composit.e.     By  G.  W.  Martin. 


On  the  development  of  the  aechegonium  and  apical  growth  in  the 
STEM  or  TsuGA  Canadensis  and  Pixus  sylvestris.  By  D.  M.  Mot- 
tier. 

[abstract.] 

This  work  consisted  in  a  study  of  the  development  of  the  archegonium 
and  the  meristems  of  the  stem.  The  results  obtained  in  reference  to  the 
archegonium  differ  from  those  of  Strasburger  in  that  the  neck  of  that  organ 
in  Tsuga  consisted  of  two  cells  in  as  many  cases  as  where  one  only  was 
found,  and  very  rarely  three.  In  Pinus  the  neck  of  the  archegonium  was 
found  to  be  made  of  two  layers  of  cells,  four  in  each  layer,  lying  one  above 
the  other,  instead  of  one  layer. 

As  regards  the  growth  of  the  stem  it  is  argued  that  we  can  not  say  with 
certainty  that  growth  proceeds  from  a  single  initial  cell,  as  claimed  by  Du- 
liot  for  the  Gymnosperms. 


Preliminary  notes  on  the  genus  Hoffmanseggia.    By  E.  M.  Fisher. 


Development  of  the  sporangium  and  apical  growth  of  stem  of  Boteych- 

lUM  ViRGINIANUM.      By  C.  L.  HOLTZMAN. 
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The  flora  of  Mt.  Orizaba.    By  Henry  E.  Seaton. 

As  botanlBt  of  the  J.  T.  Scovell  expedition  daring  Jnly  and  August,  1891, 
collections  were  made  by  the  writer  on  Mt.  Orizaba  through  a  range  of  3,000 
to  14,000  feet 

The  first  collections  of  importance  on  the  mountain  were  made  by  Fred- 
erik  Liebmann  in  1841.  Others  who  have  collected  on  the  mountain,  and 
especially  in  the  valley  of  Orizaba  and  Cordoba,  are  Henri  Galeotti,  August 
Ghiesbreght,  E.  Bourgeau,  M.  Botteri  and  Frederick  Mueller.  The  volcano 
of  Orizaba  is  described  by  Liebmann  as  the  most  interesting  mountain  in 
North  America.  It  has  a  latitude  of  18  degrees  and  lies  surrounded  by  the 
very  fertile  country  of  southern  Mexico.  It  is  only  ninety  miles  from  the 
gulf,  and  having  such  a  situation  there  is  presented  upon  its  eastern  slope 
every  phase  of  vegetation  from  tropical  to  alpine. 

The  region  in  the  vicinity  of  Cordoba,  at  an  elevation  of  3,000  feet  and  a 
distance  of  sixty  miles  from  the  coast,  has  a  sub-tropical  vegetation.  Palms 
grow  in  abundance  and  orange,  banana  and  coffee  trees  attain  a  high  de- 
gree of  cultivation.  Prominent  among  the  families  that  make  up  the 
shrubby  and  herbaceous  flora  are  the  Malvacese,  Leguminoeas,  Rubiacete, 
Gompo8it«c,  Aeclepiadacesc,  Convolvulacese,  Solanace«>,  Euphorbiacea^  and 
Bromelliaceiie,  besides  the  grasses,  sedges  and  ferns. 

The  town  of  Orizaba,  1,000  feet  higher  up  the  mountain,  has  a  somewhat 
less  tropical  vegetation  in  the  way  of  cultivated  plants.  At  this  altitude 
the  Composita?  have  their  greatest  display.  The  Helianthoidese  are  the 
forms  most  abundant,  and  not  only  are  they  characteristic  of  this  particular 
region  but  have  in  Mexico  their  greatest  concentration,  amounting,  it  has 
been  estimated,  to  thirty-two  per  cent,  of  the  species  and  two-fifths  of  the 
genera  of  all  the  Compoeitse  of  the  country.  The  sub-order  Eupatoriacesc 
ranks  second  in  numerical  strength,  the  genera  Eupatorium  and  Stt* via,  how- 
ever, contributing  nearly  all  the  npecies.  The  Asteroidese  have  but  little 
representation  in  the  forms  Aster,  Erigeron  and  Solidago,  which  are  so  char- 
acteristic of  the  north.  All  the  other  sub-orders  of  the  family  are  present 
excepting  the  Arctotidere  and  Calendulacese,  which  are  confined  principally 
to  southern  Africa. 

Collections  were  made  at  three  successively  higher  stations  till  the  alti- 
tude of  9,000  feet  was  reached,  and  this  zone  of  5,000  feet  above  the  town  of 
Orizaba  may  be  considered  as  the  temperate  region,  and  that  above  9,000 
feet  as  alpine.  Many  plants  of  the  sub-tropical  region  extend  their  range 
to  the  temperate  and  even  to  the  alpine  district,  this  being  especially  true 
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of  the  low  growing  plants  like  Oxalis,  Stellaria  Trifolium  and  several  of  the 
Malvas.  The  temperate  zone  is  characterized,  nevertheless,  hy  many  genera 
and  families  that  are  not  present  or  are  hardly  noticeable  in  the  more  trop- 
ical regions.  The  genus  Salvia  and  order  Lythraceae  have  a  strikingly  large 
distribution.  Of  these  latter  Cuphea  is  the  most  conspicuous  element, 
growing  in  great  abundance  under  all  conditions  of  soil  and  moisture. 
There  are  many  representatives  from  the  Geraniarefo,  Borraginacea*,  Scroph- 
ulariacea>,  Verbenacete  and  Acanthaceto,  which  take  the  place  in  a  great 
measure  of  the  Malvaceae,  Rubiaceae,  Asclepiadaceto,  Solanacea?  and  Euphor- 
biacese  in  the  tropics. 

<^  Treat  and  rapid  changes  are  experienced  in  the  flora  as  the  slopes  are  as- 
cended above  9  000  feet,  and  there  are  well  marked  zones  for  the  distribu- 
tion of  plants  till  the  limit  of  vegetation  is  reached.  Between  9,000  and  10,- 
000  feet,  species  of  Sisymbrium,  Lepidium,  Geum,  Epilobium,  (Enothera, 
Krynitzkia,  Mimulus,  Castilleia,  Verbena,  Salvia,  Plantago  and  Chenopo- 
dium,  are  the  most  characteristic  forms  of  the  herbaceous  flora.  Promi- 
nent among  the  Com  posit  so  are  Steria,  Avillea,  Dahlia  and  Tagetes,  and  be- 
sides Eupatorium  and  Baccharis  the  shrubby  flora  is  represented  by  Rubus, 
Symphoriiarpos  and  Bu'ldleia.  Prominent  among  the  grasses  are  Agrostis, 
Muehlenber^a  and  Bromus,  and  the  ferns  are  represented  by  Adiantum, 
Cbeilanthes,  Woodsia  and  Asplenium. 

Between  11,000  and  12,000  feet  the  forests  are  entirely  of  pines  and  spruce. 
The  greater  part  of  the  herbaceous  flora  at  this  altitude  is  composed  of  Ce- 
rastium,  Lupinus,  Acaena,  Eryngium,  Arracacia,  Halenia,  Penstemon,  Cni- 
cus  and  Stenanthium.  Penstemon  and  Stenathium  are  exceedingly  abun- 
dant, though  possessing  a  very  limited  range. 

At  13,000  fr'et  the  vegetation  consists  principally  of  Cerastium,  Arenaria, 
Potentiila,  Castelleia  and  Lithospernum.  The  pine  woods,  beginning  at 
7,000  f»*et,  disappear  at  13,000  feet,  excepting  stunted  forms  that  continue  to 
14,(XX)  ffet.  At  13,500  feet  the  vegetation  becomes  scantier  and* the  slopes 
more  sandy  and  beset  with  masses  of  sharp  pointed  rocks.  The  dry,  sandy 
soil  produces  species  of  Draba,  Gnaphallum,  Senecio,  Cnicus,  Agrostis,  Bro- 
mus and  Asplenium.  Even  an  14.000  feet  on  the  higher  slopes,  just  at  the 
snow  line,  there  exists  quite  a  varied  vegetation,  with  species  of  Draba, 
Sisymbrium,  Goaphalium,  Cnicus,  Asplenium  and  the  grasses  of  the  sandy 
plain  belosf.  This  was  the  highest  point  colleciions  were  made,  but  sev- 
eral species  extend  their  range  a  hundred  feet  higher,  and  Dr.  Scovell 
sei-ured  a  Draba  at  15,000  feet. 
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The  collection  numbered  510  species,  distributed  among  4o9  Phanero- 
gams and  51  Pteridophytes.  In  this  limited  space  no  mention  has  been 
made  of  species,  the  object  being  only  to  present  the  general  character  of 
the  flora  of  the  mountain,  as  shown  by  the  distribution  of  certain  families 
and  genera.  A  more  complete  report  will  be  published  later,  with  notej» 
on  species. 


Ax    APPARATLS    FOR   DETERMIXINCi    THE    PERIODICITY    OF  ROOT    PKE.SSIRE.      By 

M.  B.  Thomas, 

[AnsTl'.ACT.J 

The  paper  presented  the  need  of  a  self-registering  apparatus  for  deter- 
mining the  periodicity  of  root  pressure,  and  gave  an  outline  of  the  ones 
now  in  use,  all  of  which  were  seen  to  need  constant  attention.  An  appa- 
ratus made  in  the  following  manner  was  suggested.  The  base  of  the  in- 
strument is  about  1^x3^^  and  is  supported  by  legs  about  S^^  high.  About 
1(/^  from  one  end  and  in  the  center  of  the  base  is  erected  a  standard  about 
2^  high  and  V^  in  width.  On  the  short  end  of  the  base  and  near  the  post 
is  fastened  a  set  of  strong  clock-works.  The  works  are  covered  with  a  box 
and  the  end  of  a  cylinder  C/^  in  diameter  and  V  W^  high  is  fastened  to  the 
hour  pinion  of  the  clock  by  means  of  a  pin  passing  through  a  hole  in  the 
end  of  the  pinion  and  fitting  in  a  slot  in  the  end  of  the  cylinder.  The  top 
of  the  cylinder  is  held  in  place  by  a  pin  passing  through  a  support  from 
the  main  pillar  and  a  hole  in  the  end  of  the  cylinder.  To  the  large  upright 
pillar  is  fastened  a  V  tube  of  about  Y  in  diameter;  one  arm  being  nearly 
as  high  as  the  pillar  and  the  other  but  half  the  height.  The  tube  is  filled 
with  mercury  to  within  about  an  inch  of  the  top  of  the  short  arm.  The 
stem  of  the  plant  is  cut  ofi"  near  the  base  and  placed  in  position.  An  in- 
verted U  tube  is  fastened  to  the  stem  in  the  usual  way  by  means  of  a  rub- 
ber tube  fastened  with  wire  while  the  other  end  of  the  U  tube  is  connected 
with  the  larger  one  in  the  same  way.  The  small  U  tube  is  filled  with  wa- 
ter through  an  opening  in  the  top.  The  cylinder  which  is  made  of  light 
tin  is  blackened  by  revolving  it  slowly  in  the  fiames  of  a  candle  or  gas  jet. 
The  indicator  consists  of  a  light  steel  wire  with  a  cork  at  the  end  some- 
what smaller  than  the  diameter  of  the  tube.  This  rests  on  the  mercury. 
It  is  then  at  the  top  of  the  tube  bent  twice  at  right  angles  and  allowed  to 
extend  to  the  bottom  of  the  cylinder  where  it  is  again  bent  twice  at  right 
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aDgles  and  the  end  allowed  to  rest  against  the  smoked  surface  of  the  cylin- 
der. A  pin  driven  in  the  pillar  prevents  the  wire  from  turning  to  one  side 
because  of  the  friction  of  its  end  with  the  cylinder.  As  the  root  absorbs 
water  the  pressure  upon  the  column  of  mercury  increases,  causing  it  to 
rise  in  the  tube  lifting  the  cork  and  indicator  with  it.  The  indicator  then 
marks  a  continuous  spiral  course  on  the  cylinder.  The  hourly  variation 
c:m  be  studied  by  observing  the  distances  between  the  lines.  The  supply 
of  water  given  to  the  plant  must  be  kept  constant.  An  eight  day  clock 
shotild  be  used  and  the  apparatus  need  scarcely  be  touched  until  the  plant 
is  exhausted. 


The  DISTRIliUTION    OF  TROIMCAI.  KKKNS  IN    PeMNSILAR    FlORIDA.      By  LlCIEN 

M.  Underwood. 
To  one  who  makes  a  visit  to  Florida  for  the  first  time,  constant  surprises 
appear  on  every  hand ;  sand,  palmetto  and  Spanish  moes  were  expected, 
but  the  excess  of  dry  pine  lands  over  hamaks,  the  multitudinous  lakes  of 
every  size  and  shape,  the  comparative  parity  of  the  waters,  and  the  variety 
of  elevation  apparent  in  short  distances,  formed  elements  that  were  not 
looked  for  and  that  serve  to  modify  the  botanical  features  of  the  country  to 
a  considerable  extent.  The  river  systems  are  mostly  in  a  north  and  soath 
direction,  and  the  rivers  are  sluggish  and  often  rather  deep.  Throughout 
the  interior  of  the  state,  lakes  of  all  sizes  are  abundant ;  twenty-five  to 
thirty  lakes  in  a  single  township  (six  miles  square)  is  not  unusual.  Most  ^ 
of  the  small  lakes  are  without  outlets,  and  frequently  stand  in  deep  hol- 
lows. Sometimes  you  may  find  two  lakes  a  half  mile  or  so  apart  with  a 
difierence  of  elevation  from  50  to  100  feet.  Except  for  a  slight  discolora- 
tion from  roots,  the  water  is  remarkably  clear  and  few  algH?  were  seen. 
With  the  exception  of  river  borders  where  clay  and  black  mud  are  found, 
there  is  everywhere  the  loose  gray  sand  that  rolls  under  foot  of  man  or 
beast,  making  progress  slow  and  tedious,  that  supports  no  turf  and  only  a 
scattered  vegetation,  that  absorbs  moisture  rapidly,  and  that  contains  a  fine 
dust  that  filters  through  the  clothing  and  renders  one  black  and  grimy 
after  even  the  shortest  tramp.  Occasional  swamps  occur  where  a  forme  r 
pond  has  given  way  to  a  bog,  or  where  a  small  stream  is  choked  up  and 
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thus  overflows  its  usual  bounds ;  here  a  variety  of  deciduous  trees  stand 
thick  together  interwoven  with  the  omnipresent  and  exceedingly  spiny 
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SmUax  of  many  species.  Here  and  there  are  occasional  overflows  of  larger 
streams  where  the  cypress  flonrishes,  but  pine  is  the  prevailing  forest 
growth.  From  Gainesville  southward  through  Ocala  and  on  toward  the 
center  of  the  state  is  found  higher  ground  which,  long  before  the  phos- 
phate fiend  had  bored  the  rocks  for  paying  phosphate,  was  pitted  with  nat- 
ural sink  holes  and  caves  where  moisture  is  ever  present  and  where  the 
frosts  rarely  penetrate.  These  extend  to  Brooksville  and  beyond,  and  are 
found  on  either  side  of  the  Withlacoochee  river.  Further  southward  and 
inclading  the  lower  fourth  of  the  peninsula  are  the  low  everglades  with 
saw  grass  lakes  and  scrub-palmetto  barrens  soaked  with  water  during  the 
spring  rains,  which  is  reduced  to  scattered  shallow  ponds  in  the  dry  season. 
Although  Florida  possesses  a  larger  number  of  ferns  than  most  of  the 
states  of  the  Union  (43),  and  of  these  more  than  half  (24)  are  found  in  no 
other  state,  one  who  visits  the  state  in  the  winter  season  will  be  impressed 
with  the  rarity  of  ferns  unless  the  state  is  reached  before  the  usual  Decem- 
ber frosts  have  cut  down  the  fronds.  Along  the  rivers  and  wherever  moist- 
ure is  abundant  Wood^oard  a  Viriiinica  grows  luxuriantly  in  its  season  as 
the  most  abundant  fern.  With  it  appear  two  of  the  Osmundas  though  far 
less  abundant  than  in  northern  swamps.  It  seems  out  of  harmony  with 
our  preconceived  notions  to  find  the  fertile  fronds  of  0.  cinnamomea  grey- 
ing from  a  circle  of  older  sterile  ones,  but  this  condition  is  common  even  in 
January.  Farther  down  the  state  Blechnum  and  Agpidium  uniturn  and  some 
other  species  are  occasional,  but  are  rarely  abundant,  at  least  in  the  upper 
two-thirds  of  the  peniusula.  In  drier  land  Pteris  aquUina  grows  in  a  more 
or  less  stunted  condition,  but  in  the  more  tropical  parts  of  the  state  it  grows 
occasionally  to  an  excessive  height.  Next  to  Woodwardia  it  is  probably  the 
most  abundant  species.  Polypodium  incanum  is  everywhere  found  to  a  lim- 
ited extent  on  tree  trunkR,  but  is  found  in  profusion  only  in  the  southern 
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third  of  the  state.  At  Orange  Bend  we  found  the  mvcronata  form  of  Afar- 
silia  vestUa  in  abundance  rooting  in  sand  and  mud.  While  this  is  more  or 
less  common  from  Oregon  and  Dakota  to  Southern  California  and  Texas  it 
has  never  been  reported  before  from  east  of  the  Mississippi.  Its  presence 
in  Central  Florida  becomes  almost  as  interesting  a  problem  as  that  of  its 
congener,  M.  quadrifolia,  in  Northwestern  Connecticut.  No  fruit  could  be 
found  in  January,  but  in  the  latter  part  of  March  fruit  was  found  in  great 
abundance. 

The  uncertainty  of  frosts  makes  the  collecting  period  difficult  to  predict. 
Sometimes  the  fall  frosts  hold  ofi*  until  Januaiy,  and  often  cease  to  be 
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troublesome  after  the  middle  of  February.  In  other  years  they  appear 
anywhere  from  December  to  April.  Often  they  are  local,  while  again  there 
will  be  a  general  freeze  that  will  cut  down  all  tender  vegetation.  The 
'*great  frost*'  of  March,  1886,  was  sufficiently  severe  to  kill  the  young  fruits 
of  the  cocoanut  as  far  south  as  Lake  Worth,  and  killed  out  much  of  the 
ViUaria  as  far  down  the  gulf  side  as  .Manatee.  During  last  winter  several 
fro-sts  appeared  in  January  as  far  south  as  the  lake  region,  and  on  the  8th 
of  April  the  Woodwardias  along  the  St  John's  from  Sanford  to  Palatka  were 
all  drooping  from  a  cutting  frost.  <^f  course  in  secluded  places  ferns  may 
be  found  at  any  season,  but  only  in  comparatively  frostless  winters  can 
they  be  seen  to  advantage  in  the  northern  half  of  the  state. 

The  rarer  ft^ms  of  Florida  are  tucked  away  in  inaccessible  quarters  and 
are  not  to  be  found  without  much  searching.  Of  the  ferns  peculiarly  trop- 
ical three  groups  may  be  considered:  (1.)  The  swamp  species.  (2.)  The 
epiphytes.  (3.)  The  lime-rock  ferns.  Of  the  swamp  species,  B2ec/inum  «er- 
rulatum  is  perhaps  the  most  common ;  ordinarily  this  species  grows  from 
two  to  three  feet  high,  but  toward  its  northern  limit  along  the  outlet  of 
Lake  Dora  we  found  robust  forms  six  and  seven  feet  high.  Nephrolepis  ex- 
altata  we  found  in  profusion  at  the  same  place  growing  on  decaying  stumps 
and  logs.  In  fact  this  seems,  to  be  its  usual  habitat  instead  of  palmetto 
trunks,  as  so  often  etated.  Atpidium  unitum  has  much  the  same  range. 
Polypodium  phf/llitidU  comes  north  on  the  gulf  side  as  far  as  the  Manatee 
river  and  we  found  it  not  uncommon  at  Lake  Worth.  Acrostichum  aureum 
frequents  the  brackish  borders  of  tidal  streams  occasionally  encroaching 
below  high  watei  mark.  In  the  west  coast  it  comes  up  as  far  as  Tampa, 
and  on  the  Atlantic  coast  it  is  more  or  less  common  throughout  the  Indian 
river  country  and  comes  well  up  to  the  coast  above  Titusville.  We  did 
not  find  Aaplenium  serratum  in  any  part  of  the  state  visited,  though  Garber 
reported  it  from  Manatee  in  J  879.    It  more  properly  belongs  in  the  really 

tropical  portion  of  Florida. 

■ 

Of  the  epiphytic  species  Vittaria  and  Polypodium  aureum  come  furthest 
north.  We  found  abundance  of  the  former  between  lakes  Griffin  and  Har- 
ris ;  the  latter  may  be  seen  occasionally  in  the  vicinity  of  Lake  Monroe, 
though  it  is  more  common  below  Titusville  on  the  east  and  Tampa  Bay  on 
the  west.  Vittaria  grows  pendent  on  palmetto  trunks  at  every  height  and 
in  every  stage  of  growth  from  prothallus  to  mature  plant. "^    Its  northern 


•It  may  bo  of  inli^rcsi  to  state  that  a  species  of  liverwort,  Hircia  rfticnUUti,  wa**  bn^d 
on  the  prothallus  of  this  fern. 
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limit  as  we  foand  it  is  in  Lake  county.  Pohjpodium  avnum  usually  ^row8 
just  under  the  clustered  leaves  of  the  cabhage  palmetto,  often  at  a  height  of 
twenty-five  or  thirty  feet.  Ophioglo$sum  j)a{maium  comes  an  far  north  as 
Manatee  where  we  found  the  sterile  fronds  in  February  after  a  weary 
search,  for  it  grows  well  up  on  the  palmetto  trunks,  burying  its  roots  deeply 
between  the  old  decaying  bases  of  the*  palmetto  leaves.  He  who  attempts 
to  climb  the  palmetto  trunk  is  not  usually  anxious  for  the  second  trip. 

The  Ophioglosmm  fruits  in  April  or  perhaps  the  last  of  March  and  is  the 
most  peculiar  member  of  its  order,  since  most  of  its  congeners  are  terres- 
trial in  habit.  The  remaining  epiphytes  have  not  been  found  north  of  the 
tropical  portions  of  Florida,  which  include  the  Keys  and  the  region  of  Bis- 
cay ne  Bay. 

The  rock-loving  species  have  a  more  extensive  distribution  as  they  grow 
in  places  beyond  the  reach  of  ordinary  frosts ;  in  the  high  hamak  region  to 
which  allusion  has  been  made,  several  of  the  tropical  species  linger  in  por- 
tions of  Florida,  too  cold  even  for  the  successful  culture  of  the  Orange.  In 
the  various  limestone  sinks  about  Ocala  may  be  found  Pteris  creiica.  As- 
plenium  rhizophyllumy  Asplenium  firmum,  Pohjpodium  pecctinatum,  Aspidium 
paUns  and  Adiantum  tenerum.  From  this  same  region  the  rare  Phegopteris 
ietragona  was  collected,  but  its  discoverer  holds  the  exact  locality  in  secret, 
and  furnishes  herbarium  specimens  at  50  cents  apiece.  While  this  method 
of  procedure  is  not  what  is  expected  among  botanists,  one  who  knows  the 
difficulty  and  expense  of  securing  some  of  the  rare  Florida  ferns  can 
scarcely  have  the  heart  to  criticise  too  harshly. 

A  still  more  interesting  locality  for  the  rock  ferns  is  on  the  Withla- 
coochee  river,  two  and  a  half  miles  below  Istachatta.  This  town  which 
makes  considerable  display  on  the  maps,  consists  of  two  houses  and  a  store 
and  must  be  reached  from  Pemberton  the  nearest  railroad  station  by  boat 
<r  private  conveyance.  As  the  exact  locality  has  never  been  defined  it 
was  by  merest  chance  that  we  met  Mr.  F.  M.  Townsend,  the  proprietor  of 
the  store  at  Istachatta,  who  conducted  Donnell  Smith  to  the  same  location 
in  1883.  The  locality,  which  is  on  the  premises  of  Mr.  George  K.  Allen, 
was  reached  just  at  nightfall.  Here,  besides  a  much  greater  profusion  of 
the  species  found  at  Ocala,  are  found  the  rare  and  variable  Phegopteris  rep- 
tanB  and  a  great  profusion  of  Anpidium  trifoHatum,  Other  stations  are  found 
near  Brooksville  and  farther  down  the  river  on  either  side.  In  these  shel- 
tered sink  holes,  protected  from  frost  and  so  far  removed  from  sunshine  as 
to  retain  moisture  in  the  driest  season,  these  relics  of  a  tropical  flora  still 
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persifit,  never  attracting  the  attention  of  either  the  native  *'  cracker  ^*  or  the 
northern  migrant,  both  of  whom  stare  alike  at  the  botanist  and  his  outfit 
and  doubtless  wonder  what  he  can  want  of  ''  fearns/'  While  the  higher 
tlora  of  the  tropics  does  not  begin  to  appear  until  we  reach  the  Manatee  on 
the  west  coast  and  Lake  Worth  on  the  Atlantic  seaboard,  these  outliers  of 
the  tropical  flora  extend  from  two  to  three  degrees  farther  north,  and  rep- 
resent the  stragglers  in  the  southern  retreat  that  has  marked  the  nouthem 
extension  of  the  peninsula  from  reef  to  key  and  from  key  to  everglade. 

With  all  the  information  that  could  be  gathered  before  starting  we  found 
that  the  experience  of  the  winter  was  necessary  to  learn  the  peculiarities 
of  the  country  and  the  best  localities  for  exploration  and  especially  how  to 
reach  them  after  they  were  made  known,  for  of  all  English  speaking  coun- 
tries to  learn  how  to  reach  a  given  point  Florida  is  one  of  the  worst  in  our 
experience.  To  point  out  some  of  the  beet  localities  for  future  exploration 
is  partly  the  object  of  this  paper.  We  would  like  also  to  protest  against 
the  stupid  method  of  sending  out  collectors  to  look  simply  for  the  higher 
vegetation  of  a  new  region.  Mosses  and  hepatics,  alg^v,  lichens  and  fungi 
form  just  as  much  a  part  of  the  flora  of  a  country  as  do  the  seed  plants  and 
ferns  and  often  furnish  more  valuable  information  regarding  the  true  char- 
acter of  a  region  than  can  be  gained  from  a  study  of  the  higher  flora  alone. 

Four  distinct  regions  in  Florida  suggest  themselves  as  likely  to  yield  not 
only  more  interesting  tropical  ferns  than  have  yet  been  brought  to  light, 
but  a  rich  harvest  of  new  facts  and  species  illustrating  the  nature  and  dis- 
tribution of  the  tropical  flora  of  the  peninsula.  This,  however,  will  only 
be  possible  when  the  critical  botanist  gets  away  from. his  dried  herbarium 
fragments  and  studies  the  flora  face  to  face  in  its  native  fastnesses.  Then 
only  can  biological  surveys  prove  a  success.    These  regions  are: 

1.  The  river  region)*  of  West  Florida. — The  Withlacoochee,  especially  from 
Pemberton  Ferry  to  the  mouth,  and  including  lakes  Tsala  Apopkaand  Pen- 
asoffkee  on  either  side,  the  Manatee,  the  Myakka  and  the  Peace.  Explor- 
ations along  these  rivers  can  best  be  made  in  boats*  and  are  likely  to  well 
repay  the  cost,  for  while  nearly  all  have  been  somewhat  visited  by  bota- 
nists, the  country  has  been  skimmed  rather  than  explored. 

2.  The  interior  lake  region  of  SoiUh  Florida.— Thia  would  involve  a  trip 
from  Kissimmee  southward  down  the  chain  of  lakes  to  Okeechobee  and 


"^The  region  of  Lake  Tsala  Aunpka  and  Lake  Penasoflfkec  could  best  be  explored  with 
a  horse  and  wa^on,  though  tne  development  oi  pho»phute  beds  in  (.'itniH  county  is 
likely  to  extend  the  public  means  of  conveyance.  Railroads  in  Florida  are  too  slow  and 
uncertain  for  much  dependtnce  for  short  trips. 
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and  then  westward  through  the  drainage  canals  and  the  Caloosahatchee 
river  to  Punta  Rassa.  This  means  from  200  to  2aO  miles  hy  boat,  subjec- 
tion to  considerable  hardship,  and  could  only  be  undertaken  by  a  party. 

3.  The  Kt^B, — Within  the  triangle  whose  base  is  a  line  running  from 
Key  West  to  Key  Largo,  and  whose  apex  is  at  Punta  Rassa,  there  are  myr- 
iads of  small  islands,  all  lying  in  the  tropical  portion  of  Florida,  which 
have  never  received  anything  like  a  thorough  botanical  exploration.  These 
can  only  be  explored  by  boat.  A  small  sailing  craft  can  be  obtained  at 
Tampa,  Manatee,  or  Key  West,  for  $40  a  month  furnished  with  a  sailor  who 
will  also  act  as  cook.  Board  is  cheap,  for  game  and  fish  are  abundant, 
while  other  supplies  will  have  to  be  obtained  at  the  point  of  embarkation. 
The  scattering  trips  that  have  already  been  made  to  this  region  have 
yielded  some  bf  the  rarer  ferns,  to  say.  nothing  of  extensive  additions  to  the 
higher  flora  of  the  state,  ranging  from  a  new  genus  of  palms  down.  Unless 
it  be  among  the  alga'  not  a  single  specimen  of  the  lower  cryptogams  has 
been  collected  in  thjis  region. 

4.  The  Bvscayne  Bay  r^yion.— The  fairest  spot  we  found  in  Florida  during 
last  winter  was  Lake  Worth.  The  northern  tourist  who  leaves  this  out 
misses  the  best  of  the  state.  Here  the  climate  is  that  of  Southern  Califor- 
nia, mild  and  balmy  like  all  Florida,  and  yet  with  the  invigorating  tonic 
that  nearly  all  the  rest  of  Florida  sadly  lacks.  Here,  too,  if  you  are  fortu- 
nate enough  to  stop  at  Oaklawn  on  the  mainland,  you  will  And  as  we  did 
the  first  square  meal  in  Florida,  served  by  tlie  genial  judge  of  Dade  county, 
who  is  also  the  proprietor  of  the  best  hotel  on  the  lake.  Here  was  the  firdt 
real  taste  of  the  tropics.  Tropical  fruits  and  cocoanuts  in  profusion,  man- 
groves without  trunks  set  up  on  spider- like  roots,  banyans,  and  a  profusion 
of  strange  shrubs  and  trees.  It  was  only  when  too  late  to  avail  ourselves 
of  the  trip  that  we  learned  how  to  reach  Biscayne  Bay  from  the  Atlantic 
side.  Of  course  it  could  be  reached  from  the  Gulf  side  by  boat,*  but  in 
vain  did  we  try  to  learn  whether  there  was  an  overland  passage  from  Mi- 
ami to  I^ke  Worth.  Here  we  found  that  a  solitary  mail  carrier  tramps  the 
distance  (about  (SO  miles)  once  a  week,  thus  bringing  the  two  settlements 
of  Bade  county  within  reach  of  each  other.  He  goes  up  and  down  the 
beach,  for  there  is  no  other  path.  Life  saving  stations  are  scattered  along 
the  coast  at  intervals  of  about  25  miles,  and  the  only  places  where  there  is 
real  danger  is  at  the  inlets,  which,  during  the  high  seas  are  difficult  to  nav- 


*  Miami  may  be  reached  from  Tampa  by  a  tri-woekly  mail  steiimer  to  Key  West  (faro 
SIO),  thence  by  suilinp  vessel  whi<?h  carrli-s  bi-weekly  mail  to  Miami  (farc?-l). 
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igate  in  the  frail  barks  that  serve  for  ferries,  and  the  inlets  are  usually  in- 
fested with  both  sharks  and  **  'gators/'  The  best  collecting  ground  is  usu- 
ally within  300  yards  of  the  coast  line.  The  ordinary  guide  books  state 
that  **  there  is  nothing  of  interest  below  Lake  Worth/'  but  one  who  has 
seen  the  country  below  from  a  botanical  standpoint  says  *' there  is  nothing 
above  Lake  Worth."  Botanically  this  is  doubtless  the  most  interesting 
region  of  all  Florida.  The  part  Jt)etween  Lake  Worth  and  Miami  has  so  far 
as  we  know  never  been  trodden  by  a  botanist.  Around  Miami  and  on  the 
neighboriog  Keys  have  been  found  most  ol  the  remaining  tropical  ferns  of 
Florida,  viz.:  Polypodiiim SnartzHy  Asplenium  serrcUum,  A.  dmtatum,  Nephro- 
U'pis  acutaj  Phru  longifolia,  Tivnitis  lance(dat<i  and  Aneimia  adiantifolia. 


Some  additidn.s  to  the  statk  flora  from  Pitnam  cointy.    By  Lucien  M. 

While  the  higher  flora  of  Indiana  seems  to  be  fairly  well  known,  it  is 
surprising  to  find  so  little  on  record  regarding  the  lower  cryptogams  of  the 
state.  £x(!ept  a  short  paper  on  '*  The  Mildews  of  Indiana,"^  a  few  bulletins 
from  the  experiment  station  relating  to  some  injurious  fungi,  a  short  list  of 
mosses  and  lichens-  from  Richmond,!  and  a  few  scattering  notes  in  the 
Botanical  (iazeiiey  nothing  has  been  placed  on  record,  which,  however,  is  far 
from  saying  that  nothing  has  been  done  in  this  direction.  It  is  a  question 
whether  as  teachers  of  botany  we  have  not  swung  the  pendulum  too  far  in 
training  our  students  to  become  expert  section- cutters  and  discriminating 
histologists  and  have  thereby  left  out  of  their  course  that  cultural  feature 
of  botany  that  comes  only  from  bringing  them  in  direct  contact  with  na- 
ture. I  plead  for  considerable  field  work  as  an  invaluable  adjunct  to  labora- 
tory instruction.  In  a  year's  study  of  botany  a  student  ought  to  become 
fairly  proficient  in  the  manipulation  of  the  microscope  and  at  the  same 
time  learn  how  and  where  plants  grow  (and  especially  the  less  conspicuous 
plants),  and  where  their  position  is  in  the  system,  thus  gaining  a  love  for 
nature  as  well  as  a  knowledge  of  the  methods  of  manipulation.  Botany 
ought  to  be  a  ciUtural  study  as  well  as  a  purely  technical  one.    When  we 

J.  N.  Rose,  Boinnical  finzetU:,  XI,  CilMi:!  (im\). 
tMary  I*.  Haines,  8th,  !)th  and  loth  Ann.  Reports,  Geol.  Survey,  -i3.>-2:«)  atn'ih. 
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consider  the  tendency  of  botanical  instruction  for  the  past  ten  years,  it  is 
not  surprising  that  the  younger  generation  of  botanists  do  not  know  how 
to  collect,  and  when  turned  loose  in  some  highly  interesting  botanical  field 
find,  to  the  sorrow  of  those  who  want  something  of  them,  that  their  eyes 
are  trained  only  for  an  immersion  lens  and  not  at  all  for  learning  the  rich- 
ness of  the  flora  about  them. 

While  the  season  since  our  advent  to  the  state  has  been  exceedingly  dry 
and  therefore  unfavorable  to  the  development  of  fungi,  we  have  in  three  or 
four  short  excursions  in  the  immediate  vicinity  of  Greencastle,  secured  suf- 
ficient material  to  show  a  rich  cryptogamic  fiora.  A  few  of  the  more  inter- 
esting discoveries  will  be  noted  and  exhibited : 

1 .  On  the  sandstone  rocks  at  Fern,  a  rare  moss,  EuiticJiia  Narvegica^  is 
found  in  great  abundance  covering  many  square  rods  of  the  rock  wall. 
It  was  first  reported  by  Sullivant  in  184()  irom  Lancaster,  Ohio,  and  distri- 
buted in  his  Mmci  AUeghanienui  as  no.  188.  liau  has  reported  it  from  Penn- 
sylvania and  Mrs.  Britton  found  it  in  fruit  for  the  first  time  in  the  Dalles  of 
the  Wisconsin  in  July,  1880.  Its  sterile  states  have  been  figured  by  Sul- 
livant* and  its  fruit  by  Mrs.  Brittont.  This  Indiana  station  makes  the 
fourth  in  the  fourth  state. 

2.  On  clay  banks  at  Fern  we  have  found  a  hepatic  new  to  America,  Fm- 
sombronia  ensUUa,  Lindb.l  In  Europe  it  has  frequently  been  confounded 
with  F,  pusiUa  and  is  possibly  the  plant  reported  under  that  name  by  Sul- 
livant in  one  of  the  earlier  issues  of  Gray's  Manual.  Of  the  true  ptuilla 
we  have  seen  no  American  specimens  in  fruit,  and  FosAomhronia  is  one  of 
the  few  genera  of  the  Jungermaniacex  in  which  the  exospore  is  sufficiently 
differentiated  to  furnish  satisfactory  specific  characters.  F.  cristataia  easily 
recognized  by  the  confiuent  crests  of  its  spores.  Its  known  range  hitherto 
includes  Finland,  Sweden,  Germany,  France  and  England. 

:>.  Trametes  ambigtui  (Berk.)  Fr.  This  is  not  an  an  uncommon  species  in 
the  vicinity  of  Greencastle  and  Fern.  It  was  first  described  by  Berkley? 
from  specimens  collected  by  Lea  in  the  vicinity  of  Cincinnati,  and  has 
since  been  reported  from  Ohio  by  Morgan,  from  Kansas  by  Cragin,  and 
from  Missouri  by  Demetrio,  through  whom  it  was  distributed  by  Ellis  in 
N.  A.  Fungi  under  the  original  name  IhcJalia  ambigua  (no.  150'>.) 

4.    Jff/dnum  stratomm  Berk,  has  been  found  once  under  a  rotten  log  near 

Mem,  Amer.  Acad.  n.  s.  Ill,  1 1  (IS^KM 
tBull.  Torrey  Bot.  Club.  X,  99  (188:^.) 
^Notiser  pro  Fauna  ct  Flora  FeuDica.  XIII,  .188  (1874). 
\Dicdidea  ambigua  Berk.  Decades  of  Fungi,  n.  8a  (181(>). 


(treencaBtle.  It  was  tirst  reported  from  the  vicinity  of  CincinDati  by  Lea 
in  1845,'  and  afterward  by  Morgan.  We  foand  it  in  1889  near  Syracuse,  N. 
Y.  This  makes  the  third  station  known  to  us.  The  species  when  fully 
mature  is  unlike  any  other  species  of  Hydnum  in  the  stratification  of  the 
spines. 

5.  Cordt/ceps  capii4iia  Fr.  We  have  found  one  specimen  of  this  species 
in  rich  woods  at  Fern.  It  belongs  to  a  group  of  fungi  that  are  usually  para- 
sites either  on  living  animals  like  the  *' caterpillar  fungus '^  of  New  Zea- 
land, or  on  living  pupfe  of  insects  like  C.  militariSj  or  on  truffles  like  the 
present  8i>ecies.  This  species  is  usually  reported  as  growing  in  pine  woods, 
but  we  found  it  last  year  at  Cambridge,  Mass.,  growing  under  oaks  on 
Elaphomiicem  grannlatiu  which  is  the  usual  host  on  which  it  has  been  re- 
ported from  North  Carolina  by  Curties  and  from  New  York  by  Peck.  The 
present  specimen  seems  to  be  saprophytic,  growing  from  a  nidus  of  decay- 
ing matter.    It  was  found  of  course  under  deciduous  trees. 

6.  FhaVm  Rai'm*Ui  B.  &  C.t  seems  to  be  the  common  stink-horn  of  this 
vicinity.  It  was  originally  reported  from  South  Carolina  and  we  found  it 
once  at  Cambridge,  Mass.  I'nder  a  rotten  log  at  Fern  we  found  its  myce- 
lial strands  a  ramifying  network  which  extended  ten  feet  or  more,  giving 
rise  to  fifteen  or  twenty  fruits  in  various  stages  of  development.  In  addi- 
tion to  these  fruits  there  were  irregular  swellings  on  the  mycelial  strands 
in  great  abundance;  the  larger  ones  were  hollow,  the  smaller  solid.  They 
suggest  ftchrotia  which  so  far  as  we  know  have  never  been  reported  among 
phalloids.  As  the  specimens  were  collected  in  November,  it  would  seem 
that  the  plant  was  making  an  efibrt  to  store  up  nutriment  in  these  tuber- 
like bodies  for  the  necessities  of  the  following  season. 

Besides  Phalfw  RareneHi,  which  is  easily  recognized  by  its  rudimentary 
veil,  its  thin  pileus,  and  its  mild  fragrance  (?),  we  have  found  two  other 
/*/ta//i  in  this  vicinity.  P,  duplicatm  we  have  found  once.  An  enormous 
specimen  ten  inches  in  height  and  with  a  large  bell-like  veil  fully  four 
inches  acroes  is  evidently  the  plant  that  was  referred  by  Morgant  to  P.  Da- 
monum.  That  its  odor  was  diabolical  we  can  fully  testify.  Although  Fischer 
has  combined  all  the  indusiate  forms  with  Phallus  dupliratus  and  refers 
then  to  the  genus  Dkiijophora,  we  have  certainly  a  distinct  species  in  this 
specimen ;  whether  it  should  bear  the  name  P.  Dminmiim  or  not  is  another 
question  to  be  settled  later. 


^ 


'■  loc.  rit.  n.  8i>. 

fGrevilla,  II.  3:1  (1873).    Fischer  refers  it  to  IUiifphaUu«. 

tJojiT.  Cin.  Soc.  Nat.  Hist.  XI.  ll.^  (1889). 
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Connecting  forms  among  the  polvporoid  fungi.    By  L.  M.  Undkrwooi>. 


Unused  forest  kesoirces.    By  Stanley  Coulter. 


Distribution  of  certain  forest  trees.    By  Stanley  Coulter. 


Cleistogamy  in  Polygonum.    By  Stanley  Coulter. 


The  Cactus  flora  of  the  southwest.    By  W.  II.  Kvans. 


Diseases  of  the  sugar  beet  root.    By  Katherine  K.  Golden. 

In  some  analyses  of  sugar  beets  made  at  the  I^urdue  Experimenting  Sta- 
tion by  Prof.  Houston,  station  chemist,  the  percentage  of  sugar  was  so  low 
that  an  investigation  as  to  the  cause  was  made.  Upon  a  microscopic  exam- 
ination by  Dr.  Arthur,  station  botanist,  the  low  per  cent,  roots  were  found 
to  have  bacteria  in  them.  After  that  the  roots  were  observed  closely,  and 
it  was  found  that  individual  beets  among  all  the  varieties  grown  were  af- 
fected, to  a  greater  or  less  extent,  with  this  bacterial  disease.' 

The  roots  thus  affected  do  not  differ  in  outward  appearance  from  the 
healthy  roots,  but  are  much  lighter  in  weight.  The  texture  of  a  healthy 
root  is  firm  and  somewhat  brittle,  and  in  color  is  a  clear  white,  while  the 
diseased  root  is  rather  soft  and  tough  and  of  a  yellowish  white  color.  If 
the  diseased  root  be  cut  transversely,  concentric  rings  of  brownish  dots  are 
seen.^  These  rings  are  formed  by  the  fibro- vascular  bundles,  the  dots  being 
the  separate  bundles.  The  cells  of  the  bundles  have  a  deposition  of  yellow 
coloring  matter  upon  their  walls,  which  becomes  somewhat  darker  upon 
exposure  to  air. 

'^Circles  of  dark  dots  are  found  in  all  sugar  beet  roots,  but  in  the  diseased  roots  tfaey  as- 
sume a  greater  prominence,  and  thus  are  very  effective  in  the  determination  of  the  disease. 


During  the  early  growth  of  the  plants  no  difference  can  be  seen  between 
the  diseaKed  and  healthy  ones,  but  as  they  develop  the  outer  leaves  of  the 
diseased  plants  wither,  while  the  heart  leaves  curl  up  much  more  than  the 
normal,  are  dull  in  color,  and  the  under  side  has  a  mottled  appearance, 
causing  the  leaves  to  resemble  somewhat  those  of  the  Savoy  cabbage.  As 
the  season  advances  the  differences  between  the  diseased  and  healthy  plants 
become  more  and  more  accentuated.  In  the  early  season  the  bacteria  are 
found  in  parts  of  the  plant  only,  but  that  may  be  any  part  from  the  leaves 
to  the  extreme  end  of  the  tap  root;  on  account  of  this  it  is  difficult  to  sur- 
mise how  the  plants  become  diseased.  In  the  late  season  the  bacteria  are 
found  permeating  every  part  of  the  plant. 

Examined  microscopically  the  bacteria  are  found  to  the  greatest  extent 
in  the  parenchymatous  tissue,  but  the  tissue  is  not  broken  down  by  them. 
Tbey  are  found  imbedded  in  the  substance  of  the  protoplasm  as  well  as  be- 
ing in  the  cell  sap. 

In  form  the  beet  bacterium  is  shortly  cylindrical,  being  about  twice  as 
long  as  broad.  They  occur  mainly  as  isolated  cells,  though  they  are  some- 
times found  in  pairs.  When  vegetating  rapidly  the  bacteria  are  Vf  ry  active, 
moving  in  and  out  among  one  another  with  great  rapidity.  From  their  ar- 
thro6por.)UB  character  the  bacteria  of  the  sugar  beet  very  probably  belong  to 
the  genus  Bacterium. 

The  pure  germ  is  easily  obtained  by  the  ordinary  gelatine  or  agar  plate 
separation  method,  if  a  piece  of  the  root  that  has  no  contact  with  the 
surface  be  used  for  inoculation.  This  gives  the  disease  germ  only,  free  from 
soil  and  air  contamination. 

Very  good  development  of  the  bacterium  has  been  obtained  by  test  tube 
cultures  of  acid  and  neutral  nutrient  gelatine.  Upon  acid  gelatine,  using 
spot  cultures,  the  bacterium  forms  round,  irregalar-edged,  greyish-yellow 
masses,  having  beautiful  iridescent  surfaces.  This  iridescence  is  a  peculiar 
characteristic  of  the  organism  grown  upon  solid  a<id  media.  The  masses 
retaio  this  iridescence  for  about  two  weeks;  then  the  surfaces  become  crust- 
like  and  dry,  and  the  masses  decidedly  yellow  in  color.  The  bacteria  liquefy 
the  gelatine,  gradually  forming  hemlBplierical  depressions  into  which  they 
drop.  In  neutral  gelatine  cultures  they  form,  in  most  respects,  the  same 
kind  of  growth  as  in  acid,  but  the  surface  has  simply  a  shmy  appearance, 
and  as  the  masses  ages  they  do  not  form  crust-like  surfaces.  Tbey  liquefy 
the  neutral  gelatine  much  more  rapidly  than  the  acid. 

A  curious  feature  of  this  organism  is  that  it  causes  the  gelatine  to  become 
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distinctly  alkaline,  even  though  it  be  acid  before  the  organism  has  grown 
on  it.    The  diseased  beet  roots  give  a  neutral  or  very  slightly  acid  reaction. 

In  a  Pasteur  sugar  culture  the  bacteria  grow  well,  causing  the  liquid  to 
become  slightly  turbid  in  24  hours.  As  growth  goes  on,  the  turbidity  be- 
comes greater,  and  again  decreases  until  at  the  end  of  nine  or  ten  days, 
when  the  growth  practically  ceases,  the  liquid  becomes  clear,  the  bacte- 
ria forming  a  greyish  yellow  sediment  in  the  bottom  of  the  tube. 

They  also  develop  well  in  sterilized  sugar  beet  juice,  but  as  contact  with 
the  air  causes  the  juice  to  turn  black,  they  are  not  readily  seen.  In  juice 
that  had  been  cleared  by  filtering  through  bone  black  very  poor  growths 
were  obtained. 

Inoculation  tests  were  made  upon  six  apparently  healthy  roots  that  were 
brought  from  the  garden  into  the  greenhouse.  Four  of  these  now  give  in- 
dications of  having. the  disease;  the  leaves  are  crinkled,  the  under  side 
being  dull  and  mottled  in  appearaiice.  Bacteria  were  found  in  the  leaves 
and  petioles. 

Considerable  interest  attaches  to  this  disease  from  its  reduction  of  the 
sugar  content  of  the  root,  and  its  prevalence  throughout  the  state.  The 
study  of  the  subject  was  begun  too  late  to  estimate  the  loss  by  the  dis- 
ease, but  as  was  already  mentioned,  diseased  plants  were  found  among  all 
the  beets  grown  on  the  station  grounds,  which  included  eight  varieties  for 
the  past  year — Red  Top  sugar,  Silesian  sugar.  Imperial  sugar,  Dippe*s  Vil- 
morin,  Simon  LeGrand  unproved  white,  Dippe*s  Kleiwanzleben,  Flormond 
Desprez  richest,  and  Bultean  Desprez  richest.  Roots  were  sent  to  the 
station  for  analysis  from  twenty-seven  different  places  in  the  state  and 
from  nineteen  of  these  some  of  the  roots  were  diseased.  This  is  not  a 
fair  estimate  of  the  prevalence  of  the  disease,  however,  as  the  tendency  is, 
in  sending  beets  for  analysis,  to  choose  the  best  looking  and  most  nearly 
perfect  ones,  and  the  proportion  of  infected  specimens  included  is  neces- 
sarily much  short  of  the  actual  average. 

There  were  more  of  the  Kleiwanzleben  and  Vilmorin  beets  sent  than  of 
the  other  varieties,  and  these  gave  respectively  12.9  per  cent,  and  12.7  per 
cent,  diseased  roots.  Counting  all  the  varieties  there  were  4iU  beets  s(  nt, 
among  which  were  12.1  per  cent,  diseased.  In  analyzing  for  the  sugar  con- 
tent one  set  gave  13.3  per  cent  for  good  beets,  11.9  per  cent,  for  beets  show- 
ing a  trace  of  the  disease ;  another  set  gave  10.2  per  cent,  for  good  ones,  7  per 
cent,  for  diseased  ones ;  while  still  another  set,  that  Prof.  Huston  thinks 
gives  the  fairest  estimate  of  loss,  gave  10.3  per  cent,  for  good  beets,  and  5.7 


percent,  for  diseased  ones,  a  loes  of  nearly  50  per  cent,  of  the  sugar  content. 
The  per  cent,  of  sugar  is  expressed  in  terms  of  the  beet,  not  of  the  juice. 

Besides  the  bacterial  disease  that  is  general  for  all  parts  of  the  plant,  the 
sugar  beet  roots  are  affected  with  diseases  of  a  local  character.  These  are 
in  the  form  of  surface  scabs,  discoloration  of  the  tissue,  and  small  maases  of 
tissue  dififerent  from  that  surrounding  them. 

The  scabs  are  of  two  kinds,  one  resembling  the  so* called  ''deep  scab"  of 
potatoes,  while  the  other  protrudes  from  the  surface. 

The  deep  scabs  are  light  brown  in  color  when  first  affecting  the  root,  but 
as  the  root  is  more  deeply  affected  they  become  dark  brown  or  rusty  black. 
They  vary  in  size  from  a  mere  dot  to  an  extent  sufficient  to  nearly  cover 
the  whole  root,  though  the  latter  case  is  not  so  often  found.  The  deep 
scabs  are  sometimes  accompanied  by  a  red  discoloration  of  the  tissue  that, 
in  some  cases,  extends  fully  two  inches  beneath  the  surface.  Upon  expos- 
ure to  the  air  the  red  color  changes  to  magenta.  These  scabs  are  not  to  be 
confounded  with  the  breaks  in  the  surface  of  the  roots  caused  by  uneven 
growth. 

The  raised  scab  differs  essentially  from  the  preceding  in  outward  appear- 
ance, as  it  forms  warty  elevations  on  the  surface  of  the  roots.  It  has  the 
same  general  color  as  the  deep  scabs,  but  has  not  been  found  covering  so 
great  an  extent  of  surface  as  they.  When  found  in  large  quantity,  instead 
of  extending  itself  over  the  surface,  it  seems  to  have  a  tendency  to  form 
bands  encircling  the  root.  It  is  oftenest  found  near  the  neck  of  the  beet  at 
or  near  the  surface  of  the  ground.  Both  forms  of  scab  are  found  on  the 
same  root,  sometimes  in  close  proximity,  and  forms  have  been  found  seem- 
ingly intermediate  between  the  two.  It  is  probable  that  the  two  forms  of 
scab  are  just  different  stages  of  the  same  disease;  the  raised  scab  being  the 
first  stage,  where  the  irritated  tissue  with  the  corky  modifications  form  ele- 
vations on  the  surface  of  the  root ;  as  the  tissue  outside  the  corky  layers 
dies  and  is  gradually  eliminated,  the  depressions  are  left  in  the  surface. 
This  theory  is  given  further  force  from  the  fact  that  the  same  organism  has 
been  obtained  from  plate  cultures  of  both  forms  of  scab.  The  organism  has 
the  characteristic  of  the  potato  scab  germ  described  by  1  >r.  Thaxter.*  There 
are  the  same  filamentous  forms  that  break  up  into  bacteria-like  bodies,  and 
the  dark  stain  given  to  the  culture  medium. 

The  organism  itself  is  perfectly  colorless,  but  it  excretes  a  substance 


^\nnual  Report  Conn.  Ajrr.  Kxp.  sta.,  1890,  pp.  81-«5. 
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which  in  the  presence  of  oxygen  becomes  dark  brown.  Cultures  have  been 
made  in  the  fermentation  tubes  brought  out  by  Dr.  Theobold  Smith,  which 
are  so  constrjcicted  that  one  arm  of  the  tube  remains  free  of  all  gases.  In 
such  a  tube  the  part  of  the  culture  in  contact  with  the  air  becomes  a  deep 
brown  color  and  that  in  the  opposite  gas- free  portion  remains  uocolored  for 
even  a  month  or  more,  and  its  final  change  to  brown,  if  the  culture  be  con- 
tinued sufficiently  long,  is  without  doubt  due  to  diffusion,  both  of  the  gas 
absorbed  from  the  air  and  the  oxydized  substance,  by  which  they  pass  from 
the  open  arm  of  the  tube  into  the  closed  arm. 

l*rof.  Bolley*  has  induced  the  scab  on  the  sugar  beets  by  inoculating  with 
the  organism  from  potato  scab.  The  scab  has  also  been  transmitted  to  the 
beet  directly  from  the  potato,  and  also  from  soil  in  which  pototoes  affected 
with  scab  had  been  grown,  by  experiments  made  in  a  cool  greenhouse  at 
the  Purdue  station.  In  the  former  case  a  young  potato  tuber,  just  removed 
from  a  pot- grown  plant  and  well  covered  with  active  scab,  was  laid  in  contact 
with  a  perfectly  healthy  root  of  a  young  beet.  An  examination  was  made 
eight  days  later,  but  with  no  distinct  evidence  of  results.  A  furth«^r  exam- 
ination thirty-seven  days  later  showed  a  well  defined  scab  about  a  quarter 
of  an  inch  across  upon  the  beet,  where  the  diseased  potato  touched  it,  and 
no  trace  of  scab  elsewhere.  In  the  latter  case  ten  healthy  beets  were  trans- 
planted to  pots  containing  soil  in  which  potatoes  affected  with  the  scab 
had  been  grown.  These  were  examined  sixty*  four  days  after  being  trans- 
planted, and  eight  of  the  ten  roots  were  affected  with  the  scab,  five  of 
them  having  the  neck  entirely  surrounded  with  it. 

The  scabbing  originates  without  doubt  from  the  soil.  How  long  the  or- 
ganism may  maintain  itself  in  the  soil  as  a  saprophyte  is  uncertain,  but  the 
data  elicited  by  Profeesor  Bolley  and  by  the  Purdue  station  appears  to  show 
that  the  time  may  extend  over  one  or  two  years. 

The  tissue  of  the  roots  is  found  to  be  blackened  occasionally.    This  black 
en  ing  is  in  the  parenchymatous  ti.ssues  between  the  rings  of  fibro- vascu- 
lar bundles,  and  is  of  varying  extent.    It  is  sometimf s  found  in  roots  that 
are  neither  affected  with  the  bacterial  disease  nor  scab. 

There  a^so  occur  small  spherical  or  spheroidal  masses  that  differ  from 
the  rest  of  the  interior  tissue  of  the  roots  in  having  a  uniform  watery 
appearance,  similar  to  that  of  a  water-core  apple,  and  may,  for  the  sake  of 
distinction,  be  called  water-core  spots.  They  occur  in  the  parenchym- 
atous tissue,  and  are  sharply  defined,  not  grading  into  the  adjoining  tissue. 
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They  are  colorless,  or  of  a  pale  yellowish  tint,  and  turn  black  upon  immer- 
sion in  alcohol,  the  rest  of  the  beet  remaining  colorless.  The  spota  are  com- 
posed entirely  of  parenchyma  tissue,  the  cells  having  fine  delicate  walls. 
The  cf'lls,  in  the  specimens  examined,  measured  .03  to  .075  mm.  in  diame- 
ter, while  the  cells  of  the  adjoining  parenchyma  measured  .15  to  .25  mm.  in 
diameter.  The  measurements  were  taken  in  transverse  sections  of  the  root. 
No  parasitic  organism,  either  animal  or  vegetable*,  was  found  associated 
with  them,  and  no  explanation  of  their  presence  is  known. 

The  scabs,  discoloration,  and  water-core  spots  do  not  seem  to  affect  the 
size  of  the  beets,  as  they  are  oftener  found  in  medium  and  large  beets  than 
in  smaller  ones.  The  effect  of  their  influence  on  the  sugar  content  is  not 
known. 


Plant  zones  ok  Arizona.    By  D.  T.  McDougal. 

[abstract.] 

The  author,  while  collecting  plants  in  Arizona  daring  May  to  October, 
1891,  for  the  Botanical  Division  of  the  U.  S.  Department  of  Agriculture, 
made  a  series  of  observations  resulting  in  additional  data  on  a  biological 
survey  of  the  San  Francisco  Mountains  made  by  Dr.  C.  H.  Merriam  in  the 
previous  year. 

The  feasibility  of  the  correlation  of  the  life  forms  of  this  region  into  the 
Alpine,  Timberline,  Hudsonian,  Canadian,  Pine,  Piflon  and  Desert  Z  mes 
was  recognized.  Detailed  notes  of  the  occurrence  of  plants  peculiar  to 
each  zone  were  made,  and  the  bounding  lines  of  each  were  carried  south- 
ward through  the  Mogollon,  Graham  and  Chiricahua  mountains,  and  ovex 
the  edge  of  the  Colorado  Plateau  into  the  Verdi  Touti,  Salt  and  Gila  basins 
to  the  Mexican  boundary. 


Relation  of  availahle  enzym  in  the  seed  to  growth  of  the  plant.     By 
J.  C.  Artiu'r. 


The  ihjtato  tibeu  as  a  means  of  transmitting  energy.    By  J.  C.  Arthur 
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SciEXCK  AND  THE  CoLL  MHIAX  EXPOSITION.      Bj  J.  L.  CaMPBELL. 

[abstbact.] 

In  this  paper  the  author  discussed  the  relation  of  scieDce  to  the  Ezposi- 
tlon  of  1893,  the  subject  being  limited  to  the  classification  and  the  awards. 

The  suggestions  presented  were  based  chiefly  on  the  writer's  knowledge 
of  the  subject  from  his  experience  as  Secretary  of  the  Centennial  Exhibi- 
tion, 1876. 


Recent  arcu^ological  discoveries  in  soithern  Ohio.    By  Warren  K 

MoOREHEAI).  • 


Methods  observed  in  ARCii.^ouxiiCAL  research.  *  By  Warren  K.  Moore- 
heau. 


Thb  pre-historic  earthworks  of  Henry  county,  Ind.    By  T.  B.  Reddini;. 

The  mounds  and  enclosures  of  this  county  are  not  so  large  as  some  of  those 
of  Madison,  Randolph  and  Wayne  counties  adjoining  us,  but  are  large  enough 
and  numerous  enough  to  be  of  interest.  While  but  very  recently  reclaimed 
from  the  wilderness  and  from  savage  life,  Henry  county  has  its  antiquities ; 
an  unwritten  history,  a  history  full  of  human  life,  human  joys  and  human 
Bufiferings ;  of  organized  and  aggregated  labor ;  of  war,  battle  and  bloodshed ; 
of  passions  and  worship.  But  the  joys,  the  sorrows,  the  loves,  the  hates, 
the  struggles  and  the  triumphs  of  those  long  centuries  past  have  faded  for- 
ever out  of  sight,  except  so  far  as  preserved  in  these  ancient  and  rude  earth 
works.    Since  they  lived,  thought  and  acted — 

''Year  after  year  its  course  has  sped; 

Age  after  age  has  passed  away. 

And  generations  bom  and  dead 

Have  mingled  with  their  kindred  clay." 

—Firdey. 

So  far  as  my  knowledge  extends  there  are  twenty  artificial  mounds  and 
fourteen  enclosures  within  the  limits  of  Henry  county.  There  are  also  cer- 
tain mounds  or  elevations  that  have  much  the  appearance  of  artificial 
mounds,  but  of  which  I  am  not  sure,  numbering  in  all  twelve  to  fourteen, 


and  one  uncertain  encloeure.  Of  theee  the  strong^probability  is  some  are 
artificial.  Doubtless  some  of  the  smaller  mounds  and  enclosures  have  long 
since  been  obliterated  by  cultivation. 

I  will  now  give  a  detailed  list  of  the  mounds  and  enclosures  of  Henry 
county,  which  I  have  represented  upon  an  outline  map.  There  is  a  circular 
earthwork,  or  enclosure,  on  E.  S.  E.  Section  1,  T.  IB,  R.  10,  in  Franklin  town- 
ship, owned  by  J.  P.  Nicholson,  about  Hizty  rods  east  of  the  pike.  This  has 
been  almost  obliterated  by  long  cultivation.  It  is  about  150  feet  in  diam- 
eter. I  got  my  information  mainly  from  Jcthro  Wickersham,  whose  father 
once  owned  the  farm.  There  is  a  circular  inclosure  on  the  line  between 
the  N.  E.  and  N.  W.  quarters  of  Sec.  22,  T.  17,  R.  10,  Henry  township,  llK) 
rods  west,  and  one  and  three-eighths  of  a  mile  south  of  the  court  house,  on 
lands  owned  by  R.  M.  Chambers  and  M.  L.  Bundy.  It  is  still  in  the  woods 
though  mostly  cut  off.  Its  diameter  (measuring  in  all  cases  from  the  center 
of  the  embankments),  is  11«3  feet;  the  height  of  embankment,  at  highest 
point  from  bottom  of  ditch  is  about  three  feet.  There  is  an  open  place,  or 
gateway,  on  the  east  side,  about  twelve  feet  wide.  There  is  the  appearance 
of  a  small  mound  inside  of  the  enclosure  toward  the  west  side,  about  fifteen 
feet  in  diameter  and  eighteen  to  twenty-four  inches  high.  Width  of  ditch 
about  eight  feet,  of  embankment  about  fifteen  feet.  Large  trees  have  grown, 
died  and  decayed  within  this  enclosure  and  its  ditches  and  upon  its  em- 
bankments since  it  was  built.  There  is  also  a  small  mound  in  S.  W.  quar- 
ter Sec.  7,  T.  16,  R.  11  E.,  nearly  obliterated  by  cultivation,  but  I  have  not 
made  a  personal  inspection  of  it.  There  is  another  enclosure  about  250  feet 
in  diameter  on  the  west  side  of  the  N.  E.  quarter  of  S.  AV.  quarter  Sec.  2,  T. 
17,  R.  10,  owned  by  Joseph  Dorran.  In  early  times  this  enclosure  was  a 
noted  structure.  Its  banks  were  five  or  six  feet  high,  and  the  ditches  were 
clearly  marked,  but  the  northern  turnpike  runs  through  the  eastern  side  of 
it,  while  the  larger  part  of  it  has  been  under  cultivation  for  more  than  fifty 
years,  and  it  is  gradually  being  obliterated.  Its  banks  are  now  not  more 
than  one  to  two  feet  high.  I  will  say  here,  that  in  all  the  enclosures  in 
this  county  the  ditches  are  on  the  inside  of  the  enclosure.  On  the  north- 
eixst  quarter  of  this  same  section,  mostly  on  the  southwest  quarter  of  the 
quarter  and  less  than  half  a  mile  to  the  northeast  from  the  above  named 
enclosure,  is  the  largest  group  of  enclosures  and  mounds  found  in  the 
county.  They  are  situated  on  the  eastern  part  of  the  farm  of  John  C.  Hud- 
leson,  and  cover  an  area  of  ten  to  twenty  acres.  There  are  in  the  group 
nine  well  defined  enclosures,  and  one  or  two  apparent  enclosures  which 
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have  been  so  completely  obliterated  by  the  plow  that  I  cannot  be  cer- 
tain about  them.  I  have  visited  and  measured  all  of  these.  The  largest  is 
situated  farthest  east,  near  the  line  and  very  near  the  N.  E.  comer  of  the 
quarter  quarter.  It  is  650  feet  in  circumference  and  is  an  ellipse,  longest 
east  and  west.  Its  east  and  west  diameter  is  215  feet.  The  north  and  south 
is  about  150  feet.  Within  this  enclosure  is  a  large  mound,  longest  east  and 
west  and  having  much  the  appearance  of  two  mounds  joined  to  each  other, 
the  western  mound  being  the  highest.  The  length  of  the  mound,  east  and 
west,  is  140  feet  and  it  is  about  100  feet  wide,  north  and  south.  The  height 
of  the  mounds  above  the  general  original  surface  is  about  ten  feet;  above 
the  bottom  of  the  ditches  about  fifteen  feet.  The  ditch  varies  in  depth  but 
is  probably  six  feet  in  deepest  place,  and  shallows  off  into  three  feet  at 
places.  It  is  mostly  in  the  original  forest,  but  has  its  south  embankment 
in  a  cultivated  field.  On  each  side  of  the  eastern  part  of  the  mound  there 
are  slight  elevations,  whether  natural  or  artificial  I  cannot  tell.  They  give 
the  mound  an  appearance  of  an  attempt  to  imitate  a  cross.  I  have  a  map 
of  this  whole  group,  and  an  elevation  showing  shape  of  the  large  mound. 
This  mound  has  been  dug  into  in  four  or  five  places  at  different 
times. 

In  the  fall  of  1890  myself  and  several  others  made  an  exploration  of  parts 
of  this  mound.  We  dug  a  trench  six  to  eight  feet  deep  from  the  east  side 
to  the  center,  and  one  from  north  to  south  through  the  western  end  of  the 
mound.  We  found  two  placee  in  the  last,  one  within  eight  or  t«'n  feet  of 
each  end,  where  the  clay  had  been  burned  hard,  and  yet  there  were  no 
ashes.  Bet  wen  these  two  placee  about  thirty  feet  apart  we  found  deposits 
of  ashes  but  no  burnt  clay,  indicating  that  the  ashes  had  been  removed 
from  the  places  of  fire  and  thrown  in  heaps  at  a  distance  of  a  few  feet. 
These  places  of  burnt  earth  were  about  two  by  three  feet  in  size  atid  burned 
to  the  depth  of  ten  or  more  inches.  One  of  them  had  the  appearance  of 
having  been  raised  above  the  surrounding  earth  seven  or  more  inches.  It 
was  longest  east  and  west  and  had  somewhat  the  appearance  of  the  figure 
8.  Near  the  center  of  the  mound  in  the  trench  dug  from  the  eastern  side 
we  found,  at  a  depth  of  nearly  nine  feet,  a  large  bed  of  ashes  some  six 
by  seven  feet  in  diameter.  The  bed  was  slightly  hollowed  oift  and  the 
ashes  at  deepest  place,  near  the  center,  were  not  less  than  four  to  five 
inches  in  depth.  Among  these  ashes  we  found  much  charcoal  and 
many  fragments  of  bones,  some  of  which  I  have  with  me.  I  am  not 
able  to  say  from  what   animal  they  are.     A  little  to  the  northwest  of 
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this  bed  of  ashes  was  ao  other  bed  of  ashes  and  burnt  clay  which  had 
been  explored  at  some  time  by  other  parties,  but  I  cannot  give  results. 
The  large  bed  found  by  us  was  burned  hard,  of  a  dull  red  color,  to  a  depth 
of  about  eight  inches. 

At  the  time  of  making  the  explorations  of  the  large  mound  we  discovered 
another  small  mound  about  sixty  rods  to  the  northeast  of  the  large  one,  100 
feet  in  diameter  and  about  six  feet  high,  situated  upon  a  point  of  a  hill  over- 
looking Blue  river  valley,  and  in  front  of  which  was  formerly  a  marsh  of 
several  acres.  The  ditch  and  enclosure  around  the  mound  are  very  dis- 
tinct, it  having  only  very  recently  been  cleared  of  timber.  The  ditch  at 
places  is  three  feet  deep  and  the  embankment  averages  about  two  and  a 
half  feet  in  height. 

To  the  east  of  this  a  few  rods,  just  across  a  deep  ravine  on  the  north  edge 
of  a  hill,  is  an  embankment  of  about  six  feet  in  height  and  nearly  two  hun- 
dred feet  long.  To  the  south  of  the  ditch  behind  the  embankment,  which 
is  not  less  than  forty  to  fifty  feet  wide,  the  hill  rises  about  twenty  feet.  The 
excavation  behind  embankment  is  longest  east  and  west.  It  is  wholly  un- 
like anything  else  found  in  the  county,  and  no  one  is  able  to  give  any  ac- 
count of  its  origin. 

Ten  rods  west  of  this  large  mound  and  enclosure  is  another  enclosure, 
partly  in  the  woods  but  mostly  in  the  cultivated  field.  The  ditch  is  well 
pr^sfrved  in  that  part  in  the  woods,  but  is  almost  wholly  obliterated 
in  that  part  within  the  field.  As  near  as  I  could  determine  this  enclos- 
ure was  about  one  hundred  and  fifty  feet  in  diameter.  The  ditch  on 
the  north  side  is  now  about  two  to  two  and  one- half  feet  in  depth.  1 
am  inclined  to  the  opinion  that  there  was  also  a  mound  probably  two  or 
three  feet  high  within  its  enclosure,  but  if  so  it  is  nearly  levelled.  One 
hundred  feet  to  the  northwest  of  the  last  is  another  enclosure,  all  in  the 
woods,  ninety- four  feet  in  diameter  and  with  shallow  inside  ditches  at  pres- 
ent one  to  three  feet  deep,  and  having  a  gateway  on  east,  opening  toward 
the  large  mound  already  described.  Near  the  gateway,  on  the  Houth,  is  the 
appearance  of  a  small  mound  about  twelve  feet  in  diameter  and  twelve  to 
eighteen  inches  high.  It  has  been  dug  into  recently  and  seems  to  be  a  mass 
of  gravel.  I  am  in  doubt  whether  it  is  natural  or  artificial.  One  hundred 
feet  from  the  last  is  an  arti6cial  mound  forty  feet  in  diameter  and  about  six 
feet  high.  The  south  edge  is  in  the  cultivated  tield  but  the  main  body  of 
the  mound  is  in  the  woods.  It  has  been  recently  dug  into  by  Joshua  Hol- 
land, of  North  Carolina,  and  Mr.  Reynolds,  of  the  Smithsonian  Institute, 
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but  work  was  not  completed  and  nothing  of  importance  was  found.  This 
is  the  only  clearly  identified  mound  in  the  whole  group  tot  within  a  circu- 
lar enclosure.  About  one  hundred  and  fifty  feet  south  of  this  little  mound, 
within  the  cultivated  field,  are  the  remains  of  a  large  circular  enclosure 
with  a  gateway  facing  the  east  and  the  large  enclosure  already  described. 
It  is  two  hundred  and  fifty  feet  in  diameter  and  the  ditches  are  from  three 
to  five  feet  or  more  in  depth,  notwithstanding  years  of  cultivation  under 
the  plow.  There  is  the  appearance  of  a  mound  in  the  western  part  of  this 
enclosure,  about  forty  feet  in  diameter  and  about  two  feet  high. 

One  hundred  feet  south  of  the  above  is  another  enclosure  one  hundred 
and  fifty  feet  in  diameter,  with  ditches  two  or  three  feet  in  depth.  It  has 
also  an  opening  to  the  east,  but  not  so  well  marked  as  the  others.  This  en- 
closure ia  almost  immediately  east  of  the  house  on  said  tract  and  just  east 
of  the  old  orchard.  A  long  period  of  cultivation  has  doubtless  much  low- 
ered its  walls.  There  is  a  slight  indication  of  a  mound  near  by,  but  if  it  is 
one  the  plow  has  so  completely  obscured  the  evidences  that  it  is  not  safe  to 
call  it  one.  About  two  hundred  and  fifty  feet  to  the  southeast,  in  the  edge 
of  the  grove,  is  another  enclosure  one  hundred  feet  in  diameter,  with  ditch 
on  inside  two  to  two  and  one-half  feet  in  depth.  It  has  also  a  gate  or  open- 
ing on  the  east  facing  the  large  enclosed  mound.  Sixty  feet  to  the  southeast 
of  the  above  is  another  enclosure  ninety  feet  in  diameter,  with  inside  ditch 
eighteen  to  twenty-four  inches  in  depth,  and  having  an  opening  to  the 
northeast  facing  the  large  enclosure  and  mound.  There  is  also  a  small 
mound  in  the  center  of  this  enclosure. 

Going  another  hundred  feet  to  the  southeast  we  find  another  enclosure 
one  hundred  and  twenty  feet  in  diameter,  with  a  mound  in  the  center  from 
three  to  five  feet  high.  The  ditch  is  from  two  to  three  feet  deep.  There  is 
an  opening  on  the  northeast  facing  the  large  enclosure  and  mound.  East, 
slightly  north  of  the  above  and  adjoining  it  is  another  enclosure  one  hun- 
hundred  feet  in  diameter.  The  ditch  is  shallow,  not  more  than  eighteen  to 
twenty-four  inches  in  depth.  The  embankment  on  the  west  and  adjoining 
the  preceding  seems  to  be  common  to  both  enclosures.  The  space  between 
the  ditches  of  the  two  is  about  twenty  to  twenty- five  feet.  To  the  northeast 
is  a  low,  wet  place.  The  opening  is  not  very  clearly  marked  in  this  last  en- 
closure but  it  seems  to  be  to  the  east.  North  of  this  last,  about  three 
hundred  feet  in  the  cultivated  field,  are  very  strong  evidences  of  another 
enclosure,  but  it  has  been  so  disfigured  by  the  plow  and  long  cultivation 
that  I  do  not  feel  safe  in  saying  positively  that  it  is  an  artificial  enclosure. 


but  it  is  very  suggestive  of  one,  and  is  about  one  hundred  and  sixty  feet 
in  diameter. 

There  are  three  or  four  other  little  hillocks  in  the  neighborhood  of  these 
enclosures  that  look  much  like  small  mounds.  On  the  west  side  of  the  pike, 
about  sixty  or  seventy  rods  west  of  the  large  mound,  is  a  gravel  bank  in 
which  a  number  of  human  skeletons  have  been  found.  There  was  found 
in  this  bank,  recently,  the  skeleton  of  a  dog,  about  six  feet  below  the  sur- 
face. Skeletons  have  been  found  both  in  a  horizontal  and  in  an  erect  pos- 
ture. In  it  are  also  found  pieces  of  charcoal ;  also  shafts  of  earth  and  clay. 
These  are  round  and  from  five  to  eight  feet  deep  and  two  or  three  feet  in 
diameter,  as  if  a  grave  had  been  dug  and  then  filled  with  earth.  It  is  prob- 
able that  there  was  a  mound  on  this  bank,  but  it  has  been  so  long  worke^l 
and  so  much  of  it  removed  that  it  cannot  be  verified.  It  was  at  least  a 
burial  ground.    The  skeletons  mostly  crumble  on  being  exposed. 

Across  the  river,  about  a  mile  to  the  west,  on  the  N  half  of  Sec.  3,  T.  17, 
K.  10,  belonging,  also,  to  Mr.  Hudleson,  is  another  large  circular  enclosure 
in  cultivated  ground.  It  is  probably  150  feet  in  diameter,  and  before  the 
land  was  cleared  was  enclosed  by  embankments  five  to  six  feet  high, — but 
a  long  period  of  cultivation  has  nearly  obliterated  the  embankments.  I  do 
not  know  whether  it  enclosed  a  mound  or  not,  but  probably  did.  There 
was,  until  recently,  a  mound  on  S.  W.  S.  E.  quarter  Sec.  1,  T.  17,  R.  10, 
owned  by  Joseph  Smith,  about  thirty  rods  west  of  his  house.  It  was  about 
fifty  feet  in  diameter,  and  eight  to  ten  feet  high,  before  cultivation.  During 
the  last  year  'Sir.  Smith  plowed  it  down  and  used  the  earth  to  make  an 
embankment  along  the  creek  near  by.  He  tells  me  that  he  came  to  a  bed 
of  ashes  and  charcoal  in  the  center  of  the  mound,  about  six  feet  square  but 
did  not  examine  to  ascertain  the  depth.  He  did  not  notice  any  fragments 
of  bones  or  other  articles. 

There  is  also  a  mound  on  the  K.  S.  E.  quarter  Sec.  24,  T.  IG,  R.  10,  in 
Franklin  township,  now  owned  by  John  Gilbert.  It  is  small,  probably 
forty  feet  in  diameter,  and  three  or  four  feet  high.  There  is  another  mound 
in  the  same  township  on  S.  W.  S.  W.  quarter  Sec.  15,  T.  10,  R.  10,  owned 
by  Charles  Stubbs.  It  is  about  three  feet  high  and  fifty  feet  in  diameter. 
It  has  been  dug  into  and  ashes  and  coals  found.  Another  mound,  in  this 
township,  is  found  on  S.  W.  S.  K.  quarter  Sec.  28,  T.  Ki,  R.  11,  owned  by  D. 
H.  Fenetamaker,  about  thirty  rods  south  of  the  Central  railroad,  about  six 
feet  high  and  seventy-five  across,  before  plowed  down.  There  is  a  small 
hillock,  or  mound,  in  the  southeast  comer  of  the  county,  about  ten  feet 
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high  and  fifty  in  diameter,  on  the  top  of  which  formerly  grew  a  large  beech 
tree.  It  is  supposed,  by  some,  to  be  artificial,  but  others  think  it  natural. 
I  have  not  examined  it.  It  is  in  the  N.  E  quarter  Sec.  31,  T.  16,  R.  12. 
There  is  a  small  mound,  now  almost  obliterated,  on  the  N.  W.  S.  E.  quar- 
ter Sec.  14,  T.  16,  li.  9,  owned  by  Daniel  Jackson.  Was  probably  twenty- 
five  feet  in  diameter  and  four  feet  high.  Was  dug  into  and  ashes  and 
coals  found.  About  a  mile  southwest  of  the  above,  on  the  8.  W.  quarter 
Sec.  3,  T.  16,  K.  9,  owned  by  John  Small,  is  another  small  mound  of  about 
the  same  size  of  the  one  just  described. 

On  Charles  McDor main's  farm  near  the  8.  E.  cor.  of  Sec.  20,  T.  17,  R. 
10,  is  a  mound  about  fifty  feet  in  diameter  and  three  feet  high.  It  has  been 
under  cultivation  for  more  than  fifty  years,  and  was,  originally,  probably 
over  six  feet  high.  It  has  been  dug  into.  Flints,  ashes  and  coals  were 
found.  On  the  Hoover  place,  west  of  the  bam,  in  the  N.  E.  quarter  Sec. 
5,  T.  16,  R.  10,  is  a  small  mound,  now  about  fifty  feet  in  diameter  and  two 
feet  high.  It  has  been  plowed  over  fifty  years  or  more.  There  is  a  small 
mound  on  the  farm  of  Jonathan  K.  Bond,  on  the  N.  W.  S.  W.,  quarter  Sec. 
24,  T.  17,  R..9,  probably  forty  feet  in  diameter  and  four  feet  high.  This, 
and  the  one  on  McDorman's  farm,  and  the  large  circular  enclosure  on  the 
west  part  of  Uudleson's  farm  and  a  small  mound  on  Benj.  Wilhoit's  farm 
are  the  only  artificial  earthworks  of  which  I  have  any  information,  which 
are  located  on  the  west  side  of  Blue  River,  in  this  county.  There  is  a 
small  mound  on  S.  E.  N.  E.  quarter  Sec.  28,  T.  16,  R.  10,  in  Spiceland  town- 
ship, on  the  farm  owned  by  Hinshaw's  heirs.  It  is  represented  as  about 
fifty  feet  across  and  three  or  four  high.  It  was  dug  into,  a  few  years  ago, 
and  ashes  and  coals  found. 

One  of  the  largest  and  best  preserved  mounds  is  found  on  N.  E.  S.  E.  quar- 
ter Sec.  26,  T.  17,  R.  10,  owned  by  John  R.  Peed,  about  two  and  a  half  miles 
southeast  of  New  Castle.  Until  recently  it  was  in  a  forest,  but  has  been 
cleared,  and,  the  embankments  plowed  down  and  the  ditches  partly  filled.  It 
is  sixty-five  feet  in  diameter,  and  at  least  six  feet  high.  The  ditches  were 
formerly  about  three  feet  deep.  I  first  saw  this  mound  when  I  was  a  small 
boy,  it  beiug  near  the  farm  on  which  I  was  brought  up,  and  was  often  visi- 
ted by  me.  When  I  first  saw  it,  there  was  growing  on  its  top  a  large  red  oak 
three  feet  in  diameter.  The  mound  has  been  dug  into  several  times. 
Ashes,  coals,  bones  and  fragments  of  pottery  were  found,  but  they  have 
been  scattered  and  carried  off,  and  I  cannot  find  any  of  them  to  examine. 
I  have  recently  visited  the  mound.    It  is  surrounded  by  an  enclosure 
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130  feet  in  diameter  from  the  crest  of  the  embankment  on  one  side  to  that 
on  the  other.  The  mound  is  situatf'd  in  western  part  of  the  encloeare, 
fifty  feet  west  of  the  eastern  side.  There  is  a  gate,  or  opening  in  the  east- 
em  wall.  The  mound  is  at  least  six  feet  high  above  the  general  level  of 
country,  and  was  about  nine  feet  above  bottom  of  the  ditches  when  I  first 
saw  it.  The  old  red  oak  has  blown  down,  but  the  stump  is  still  lying  on 
the  mound.  At  the  ground  it  is  about  five  feet  through,  and,  as  near  as  I 
could  calculate  from  the  annual  rings  of  growth,  it  was  at  least  280  years 
old.  There  is,  also,  a  small  mound  on  the  S.  N.  W.  quarter  Sec.  18,  T.  16, 
R.  12,  owned  by  J.  V.  Hufiman  and  now  occupied  as  a  cemetery.  It  is 
about  seventy  feet  in  diameter  and  was  formerly  eight  to  ten  feet  high,  and 
ia  now  about  six  feet  in  height.  It  was  dog  into  a  number  of  years  ago  and 
ashes,  coals  and  burned  stones  were  found.  Near  by,  about  150  feet  to  the 
Northwest  is  a  pit  frouk  which  the  earth  was  probably  taken  to  build  the 
mound. 

Daniel  Harvey  informs  me  that  there  are  three  small  mounds  on  N.  W. 
N.  W.  quarter  Sec.  J36,  T.  18,  R.  10,  now  owned  by  Thomas  Graham,  ar- 
ranged in  a  crescent  shape.  The  large  mound  occupies  the  center  and  two 
small  mounds  the  ends.  The  center  mound  was  dug  into  about  thirty  years 
ago  by  Mr.  Harvey  and  others,  but  found  no  skeletons  nor  remains.  The 
central  mound  is  about  ten  feet  high  and  sixty  feet  in  diameter,  and  the 
outside  mounds  are  about  thirty  feet  in  diameter  and  four  or  five  feet 
high,  so  Daniel  Harvey  tells  me.  H.  B.  Hernly  informs  me  that  there  is  a 
large  mound  on  W.  N.  W.  quarter  Sec.  25,  T.  18,  R.  10,  owned  by  him.  It 
has  not  been  explored  and  may  or  may  not  be  artificial.  I  have  had  no 
opportunity  to  examine  it.  There  is  a  mound  five  or  six  feet  high  and 
twenty  five  to  forty  feet  in  diameter  on  the  N.  E.  N.  E.  quarter  Sec.  27,  T. 
18,  R.  10,  now  owned  by  Benj.  Wilhoit.  It  has  been  dug  into  and  shells, 
etc.,  found. 

The  graves  of  a  departed  race  are  found  in  a  great  many  of  the  gravel 
banks  of  the  country.  I  have  the  skulls  and  some  of  the  other  bones,  and 
a  lot  of  beads,  pendants,  gorgets,  and  other  articles,  taken  from  some  of 
these  graves  upon  John  Hosea's  farm,  formerly  owned  by  my  father, 
near  this  city.  These  pendants,  gorgets  and  beads  are  mostly  made  from 
the  shell  of  a  kind  of  Conch,  called  Busycon  perrermm,  found  along  the 
Atlantic  coast  from  Massachusetts  south  to  the  Gulf  of  Mexico.  Some  are 
from  other  kinds  of  shells  found  along  the  same  coast.  Whether  these  are 
the  remains  of  the  Mound-builders,  or  of  a  later  race,  is  unknown.    They 
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are  very  similar  to  many  of  the  articles  found  in  the  mounds  in  such  posi- 
tion as  to  lead  to  the  supposition  that  they  were  placed  there  by  the  build- 
ers of  the  mounds. 


<  >\  LeContk's  tekkapins,  emvs  <ox(inxa  and  e.  floridana.     By  (>.  P.  Hay. 


On  THE    HKEEDIN<;    ITAHITS,    EGGS,    AND    YOING   OF  CERTAIN  SNA  KF:S.      By  O.  P. 

Hay. 

Notwithstanding  the  deep  impression  which  serpents  have  made  on  the 
human  mind,  as  shown  in  literature  and  in  popular  conversation,  it  is  sar- 
prising  how  little  accurate  information  has  been  accumulated  concerning 
some  of  their  habits.  The  densest  ignorance,  the  result  of  inattention  and 
general  lack  of  interest,  prevails  with  regard  to  some  of  the  most  interest- 
ing matters  connected  with  the  life-history  of  snakes ;  while  on  the  other 
hand,  many  of  the  popular  notions  about  the  powers  of  these  animals  are 
either  wholly  false  or  are  gross  exaggerations  of  the  trath.  The  breeding 
habits  of  our  snakes,  even  of  the  most  common  species,  belong  among  the 
things  about  which  little  is  known.  Even  our  biologists  have  given  but 
little  attention  to  this  subject,  while  unscientific  people  simply  recognize 
the  fact  that  nests  of  snake  eggs  are  occasionally  met  with.  For  instance, 
who  would  not  suppose  that  all  the  essential  facts  are  known  concerning 
the  reproduction  of  the  common  black-racer,  Bagcanian  oanttnctorf  Never- 
theless, where  have  we  been  told  when  it  lays  its  eggs,  how  many  there 
are  of  them,  how  they  are  concealed,  and  when  they  hatch  ? 

Some  snakes  are  known  to  lay  eggs  which  after  a  period  produce  young. 
Other  snakes  are  known  to  retain  the  eggs  within  the  body  until  the  young 
have  attained  sufficient  size  and  strength  to  care  for  themselves  after  birth. 
Still  other  species  are  supposed  sometimes  to  lay  eggs,  at  other  times  to 
bring  forth  living  young,*  or  to  produce  some  eggs  and  some  living  young 
at  the  same  time.t  There  are,  indeed,  oviparous  snakes  and  snakes  which 
are  ovoviviparous,  and  there  is  a  conspicuous  difference  in  their  eggs.  The 
eggs  of  the  oviparous  species  are  furnished  with  a  thick,  tough,  flexible 
coverinsr,  or  "shell,"  while  the  eggs  of  the  species  which  pro<luce  living 

rroc.  A.  A.  A.  J?.,  187:i,  p.  185. 
t  rroc.  Phil.  Aciid.  Sci..  1887,  p.  121. 
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youDg  have  coverings  which  are  very  thin  and  delicate.   Now,  should  such 

eggs  as  the  latter  be  laid  any  considerable  period  before  the  young  are 

• 

ready  to  be  excluded,  the  thin  envelopes  would  surely  be  torn  during  the 
writhingB  of  the  embryo.  That  some  of  the  eggs  may  be  only  partially  de- 
veloped at  the  time  when  the  embryos  of  other  eggs  are  ready  to  be  ushered 
into  the  world,  and  that  all  may  be  expelled  together,  is  possible ;  but  this 
Lb  not  the  normal  course  of  things  and  may  not  be  well  for  the  immature 
young.  Normally  the  coverings  of  such  eggs  are  ruptured  before  birth  or 
immediately  afterwards.  On  the  other  hand,  it  is  quite  probable  that  the 
eggs  of  the  oviparous  species  are  laid  a  considerable  period  before  they  are 
hatched.  The  tough  coveriniQi  of  such  eggs  protect  them  from  attacks  and 
injuries  from  without,  and  at  the  same  time  resist  the  movements  of  the 
young  snake  within.  So  far  as  we  know,  these  eggs  are  deposited  in  the 
earth,  in  piles  of  decaying  vegetable  matter,  and  similar  places. 

A  very  curious  structure  deserves  mention  here.  This  is  the  '*egg*tooth,'' 
a  small  tooth  fixed  to  the  united  premaxillary  bones  and  projecting  forward 
slightly  beyond  the  edge  of  the  upper  lip.  It  is  present  only  in  the  embryo, 
and  IB  shed  very  shortly  after  the  escape  of  the  young  snake  from  the  egg. 
In  the  ovo viviparous  species,  the  tooth  may  apparently  be  shed  before  the 
young  are  bom.  The  tooth  is  employed  by  the  little  snake  in  ripping  open 
the  tough  egg-covering  in  its  efforts  to  escape  from  its  prison.  It  would 
appear  to  be  of  little  service  to  the  young  which  are  matun;  when  bom, 
since  the  egg-coverings  are  so  very  tender ;  nevertheless,  I  have  found  the 
tooth  present  in  all  of  the  ovoviviparous  species  whose  young  I  have  had 
opportunity  to  study.  This  tooth,  as  found  in  the  black-racer,  was  de- 
scribed as  long  ago  as  1S.')7,  by  Dr.  Weinland  ;*  but  M  Ciller  had  observed  it 
even  earlier. 

The  Crotalida*,  including  the  rattlesnake,  the  copperhead,  and  the  water- 
moccasin,  all,  so  far  as  I  am  able  to  discover,  bring  forth  living  young.  The 
number  produced  at  each  birth  is  small  as  compared  with  the  number  of 
young  sent  into  the  world  by  some  other  species. 

As  to  the  breeding  habits  of  the  copperhead,  AgkiMrodmi  corUortrix,  we 
have  the  statement  of  Dr.  J.  A.  Allen  t  that  in  Massachusetts  five  out  of 
seven  females  caught  in  the  latter  part  of  July  contained  slightly  developed 
embryos,  while  of  six  killed  in  September,  the  oviductH  of  each  contained 
from  seven  to  nine  young,  each  of  which  had  a  length  of  six  inches.    As  to 
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the  time  of  the  pairing  of  the  sexes,  I  have  knowledge  of  only  one  observa- 
tion. My  friend,  Rev.  A.  M.  Hall,  brought  me  from  Western  Pennsylva- 
nia  two  specimens  of  this  species,  which  he  took  while  pairing,  on  the  28th 
of  August.  Unfortunately,  the  female  was  disposed  of  before  my  investi- 
gation of  this  subject  was  begun.  This  observation  and  those  of  Dr.  Allen, 
when  considered  together.  Seem  to  indicate  a  period  of  gestation  of  nearly 
a  year. 

The  breeding  habits  of  the  water  moccasin,  Agkittrodon  pmh'orus^  are  no 
doubt  much  like  those  of  the  copperhead.  A  female  2G  inches  long  (TJ.  S. 
Xat.  Mus.,  No.  17968),  which  was  taken  on  the  Arkansas  bank  of  the  Mis- 
sissippi river,  just  opposite  Memphis,  in  the  latter  days  of  June,  contains 
seven  eggs,  four  of  which  are  in  the  left  oviduct.  Usually  the  larger  num- 
ber of  eggs  in  snakes  is  found  in  the  right  oviduct  The  eggs  of  this  speci- 
men  are  about  the  size  of  the  yolk  of  a  hen's  egg.  In  each  is  an  embryo 
not  larger  than  a  common  pea. 

The  breeding  habits  of  CroUUus  do  not  appear  to  be  well  known.  Prof. 
Putnam*  dissected  a  female  which  he  B&yB  contained  in  the  oviducts 
eight  fully  formed  eggs,  besides  a  number  of  smaller  ones,  which  he  sup- 
posed belonged  to  a  later  brood.  It  is  more  probable  that  all  the  eggs  were 
really  in  the  ovaries.  A  female  rattlesnake,  39  inches  long  (U.  S.  Nat. 
Mus.,  No.  17959),  was  brought  to  me  from  Western  Pennsylvania  by  Mr. 
Hall.  In  this  I  find  nine  eggs,  four  of  which* are  in  the  left  oviduct.  The 
eggs  will  average  nearly  an  inch  and  a  half  in  long,  and  an  inch  in  short, 
diameter.  In  one  of  them  I  find  an  embryo  about  3  inches  long.  The  egg- 
coverings  are  extremely  thin.  The  mother  snake  was  captured  some  time 
in  August,  probably  before  the  loth.  At  what  time  of  year  the  sexes  unite 
I  find  nothing  on  record.  Prof.  8.  W.  Williston,  who  has  had  abundant 
opportunities  for  making  observations  on  C  conflueniuSf  states!  that  the 
sexes  pair  in  May.  Nor  do  I  know  how  large  the  young  are  at  the  time  of 
their  birth.  M.  Palisot  Beauvois,  as  quoted  by  Dr.  Goode,|  says  that  he 
saw  five  young  run  into  the  mouth  of  a  mother  snake,  and  that  these 
young  were  about  the  size  of  a  goose  quill.  The  young  are  undoubtedly 
much  larger  than  this  statement  makes  them.  There  is  apparently  as 
strong  a  tendency  in  observers  to  minify  the  size  of  the  young  of  snakes  as 
there  is  to  magnify  the  size  of  the  adults. 
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I  have  been  enabled  to  make  some  observations  on  Sistrurus  catenaius 
Raf.  {Crotnlus  tergeriiinus  Say.).  In  the  American  Naturalist  for  March, 
1887,  pp.  211-218, 1  published  some  notes  on  the  breeding  habits  and  young 
of  this  species.  About  September  1,  two  females,  which  had  been  kept  in 
confinement,  brougl^t  forth  young,  one  six,  the  other  seven.  The  young 
were  not  seen  by  myself  at  the  time  of  birth,  but  on  the  Ist  of  January 
they  were  at  least  10  inches  long.  From  a  female  sent  me  from  Paris, 
III.,  I  have  taken  an  almost  fully  developed  embryo  (U.  S.  Nat.  Mus.,  No. 
17947).  It  measures  7 A  inches  in  length,  and  this  is  probably  nearly  the 
length  which  it  would  have  been  when  bom.  A  considerable  amount  of 
the  yolk  was  still  spread  over  and  among  the  coils  of  the  little  snake ;  bat, 
when  its  body  was  opened,  a  large  mws  of  the  yolk  was  seen  to  have  been 
received  within  its  walls.  This  would  be  sufiicient  to  maintain  life  and 
growth  until  the  little  reptile  could  provide  for  its  own  necessities.  The 
fang  is  developed,  and  the  egg-tooth  is  present,  although  it  does  not  seem 
to  be  directed  so  much  forward  as  in  other  species.  In  the  oviduct,  lying 
alongside  of  the  embryo  just  described,  was  another  egg  which  contained 
an  embryo  only  about  4  inches  in  length.  It  was  so  deeply  immersed  in 
the  yolk  that  its  presence  was  not  suspected  until  the  yolk  was  cut  par- 
tially away.  Nevertheless  this  immature  little  snake  exhibits  quite  dis- 
tinctly the  pattern  of  coloration  found  in  the  adults.  In  contact  with  this 
egg  was  another  in  which  no  indications  of  an  embryo  were  to  be  found. 
The  more  immature  young  were  probably  lying  farther  forward  in  the  ani- 
mal, but  of  this  I  am  not  now  certain.  Should  all  these  eggs  be  expelled 
from  the  mother*s  b  >dy  at  the  same  time,  it  would  seem  that  the  least  de- 
veloped young  muFt  perish.  A  female  (U.  S.  Nat.  Mus.,  No.  17950)  of  this 
specif s  taken  in  Hamilton  county,  Ind.,  contained  eight  eggs,  and  these 
bad  not  yet  l^ft  the  ovaries.  Three  of  thn  eggs  were  in  the  left  ovary.  The 
eggs  were  an  inch  long  by  half  an  inch  in  the  short  diameter.  Prof.  Put- 
nam mentions*  a  specimen  of  SistruruB  miliarius  which  contained  fourteen 
eggs.  This  appears  to  be  a  larger  number  than  is  usually  found  in  the 
Cro'alida?. 

The  species  of  the  genus  Eutainia  are  probably  all  ovo viviparous.  Dr. 
Ooode,  as  already  cited,  says  that  there  is  some  reason  to  believe  that  some 
of  them  are  in  some  instau'^es  oviparous,  in  others  ovo  viviparous.  Dr.  C. 
C.  Abbott  t  says  that  the  eggs  of  the  garter-snake,  E.  nrtcUiSy  and  of  the  rib- 
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bon  snake,  E.  saurita,  are  deposited  in  the  loose  sandy  soil  of  the  recently 
plowed  fields.  He  has  found  none  earlier  than  May  9 ;  and  once  he  found 
a  complement  of  seventeen  within  a  day  or  two  of  hatching.  He  farther 
states  that  he  has  never  come  across  a  young  snake  less  than  four  inches  in 
length,  except  in  the  case  of  the  hog- nosed  snake  Heierodon  plcUirhinos,  I 
am  convinced  that  there  is  some  error  of  observation  here.  I  shall  present 
evidence  that  the  species  of  EtUainia  bring  forth  living  young,  and  that  too 
rather  late  in  the  summer  and  in  autumn.  It  seems  improbable  that  a 
snake  should  usually  be  ovoviviparous,  and  again,  at  rare  times,  should  lay 
eggs  furnished  with  coverings  suitable  for  protecting  the  developing  em- 
bryos. If,  notwithstanding  all  this,  the  Eutainuu  do  lay  spring  eggs,  I  shall 
be  extremely  glad  to  receive  a  batch  of  them. 

Dr.  H.  0.  Bumpus,  in  his  interesting  account  of  the  snakes,^  says  that  the 
eggs  of  EiUainia  airtalis  and  of  E.  murita  are  sometimes  found  about  out- 
buildings, and  in  hatching  give  birth  to  little  fellows  having  enormous 
eyes  and  a  spotted  body,  the  longitudinal  bands  of  the  adults  only  being 
gained  after  several  sloughings  of  the  skin.  The  source  of  the  information 
here  detailed  is  not  given ;  but  almost  certainly  the  eggs  of  some  other  spe- 
cies have  been  mistaken  for  those  of  Eutainia,  Young  of  both  the  species, 
especially  those  of  sauritn,  taken  by  myself  from  the  oviducts  of  the  female 
and  with  a  considerable  portion  of  the  yolk  still  unabsorbed,  have  the 
stripes  perfectly  distinct. 

As  to  E.  sirtcUu,  Prof.  F.  W.  Putnam  t  states  that  a  female  taken  July  22, 
contained  forty- two  nearly  developed  young.  Each  of  these  was  5}  inches 
long.  The  mother  snake  was  35  inches  long.  Dr.  J.  Schneck,  of  Mt.  Car- 
mel,  111.,  writes  t  that  seventy-eight  were  taken  from  a  female.  He  implies 
that  he  saw  this  done.  C.  Few  Seiss  says§  that  the  sexes  of  this  species 
copulate  in  early  spring  and  produce  from  thirteen  to  eighty  young.  That 
he  has  seen  the  latter  number  from  a  single  snake  he  does  not  say.  Drs. 
C'oues  and  Yarrow  refer  li  to  the  habits  of  Eutainia  sirialis  parielalis,  as  ob- 
served by  them  in  Montana  during  the  month  of  August.  "At  this  sea- 
son all  the  female  individuals  observed  were  gravid  with  nearly  matured 
embryos.  Like  others  of  the  genus,  this  species  is  ovoviviparous,  the 
young  being  some  6  inches  in  length  w^hen  born."    In  a  specimen  of  E. 
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sirUUis  {V.  S.  Nat.  Mas.,  Xo.  17i>60),  captured  near  the  city  of  Indianapolis 
by  Dr.  Alex.  Jameson  about  August  1, 1  find  thirty-nine  partially  devel- 
oped young.  Of  these,  twenty- five  are  in  the  right  uterus.  Th«  young 
measure  C  inches  in  length.  There  is  a  considerable  amount  of  yolk  still 
remaining  attached  to  these  young,  a  fact  which  indicates  that  they  will 
increase  in  size  before  birth.  An  examination  of  the  mouth  of  some  of 
these  little  snakes  shows  that  the  egg-tooth  is  present.  The  membrane 
which  surrounds  each  egg  is  quite  thin.  The  female  bearing  this  lot  of 
young  is  33  inches  in  length.  Another  female  {V.  S.  Nat.  Mus.,  No. 
17961),  from  Paris,  111.,  of  nearly  the  same  size,  contained  about  thirty- 
five  young  snakes,  these  being  packed  together  so  densely  in  the  mother's 
body  that  it  was  difficult  to  determine  the  number  accurately  without 
removing  them.  They  are  each  7  inches  long,  and  are  evidently  just 
ready  to  be  expelled.  An  examination  of  about  half  a  dozen  of  them 
failed  to  reveal  the  presence  of  the  egg-tooth,  which  has  therefore  been 
shed.  Nor  could  I  determine  with  certainty  that  any  egg- covering  was 
present.  The  yolk  of  the  egg,  also,  is  wholly  consumed.  On  opening 
these  young  snakes  I  find  little  or  none  of  the  yolk  within  the  body.  In 
this  respect  they  contrast  strongly  ¥nth  the  young  of  the  rattlesnakes. 
The  young  garter-snakes  must  from  the  first  depend  on  their  own  activi- 
ties for  support.  This  accords  well  with  the  report  of  Mr.  0.  Few  Seiss, 
that  the  young  of  a  female  kept  in  confinement  began  to  feed  shortly 
after  birth,  struggling  vigorously  with  one  another  for  the  earthworms 
thrown  them.  At  what  time  during  the  summer  the  Paris,  111.,  specimen 
was  captured  I  do  not  know.  Seiss'  statement  that  the  sexes  of  E.  sirta- 
li$  pair  in  the  early  spring  has  already  been  mentioned.  Drs.  Coues  and 
Yarrow  {op,  cit.^  p.  278)  tell  us  that  the  females  of  the  closely  related  spe- 
cies, E.  radix,  are  pregnant  in  July  and  August,  bringing  forth  as  many 
as  thirty  to  forty  young ;  and  that  they  are  found  in  coitu  in  September 
and  October.  Can  it  be  that  snakes  copulate  twice  in  the  year,  as  Agassiz 
says*  some  turtles  do,  and  as  Gage  has  recently  found  t  to  be  the  habit  of 
the  newt,  Diemyctylusf    Observations  on  this  point  are  to  be  desired. 

The  ribbon-snake,  E,  sauriUiy  appears  to  be  wholly  similar  in  its  breed- 
ing habits  to  its  relative  ju8t  considered,  although  it  probably  does  not 
bring  forth  so  many  young  at  each  birth.  Prof.  Putnam  informs  X  us  that 
a  female,  taken  in  Massachusetts  on  July  13,  had  nine  eggs,  each  three- 
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fourths  inch  long  and  containing  an  embryo  2^  inches  in  length.  An- 
other, taken  Jaly  31,  contained  but  four  eggs,  and  these  are  ready  to  be 
burst  by  the  young.  The  eggs  containing  the  coiled  embryos  were  then 
an  inch  and  a  quarter  long,  while  the  extended  young  had  a  length  of  5A 
inches.  Dr.  Goode  has  quoted*  a  note  from  Herman  Strecker,  of  R»^ad- 
ing,  Pa.,  who  states  that  some  years  previously  he  had  found  and  caged  a 
female  of  this  species  which  soon  produced  thirty  or  more  young  ones. 
He  supposed  that  the  little  snakes  had  been  bidden  in  the  mother's  stom- 
ach. There  is  possibly  some  conf union  here  with  E.  iirtaliSy  judging  merely 
from  the  number  of  the  young.  Prof.  S.  I.  Smith,  of  the  8heftield  Scien- 
tific School,  is  quoted!  by  Dr.  Goode  as  having  se<-n  two  young  snakes, 
each  3  or  4  inches  long,  run  down  the  mother's  throat.  The  statement  is 
no  doubt  incorrect,  eo  far  as  regards  the  size  of  the  young. 

In  a  female  (U.  S.  Nat.  Mus.,  No.  17965)  of  the  variety  /atr<>yi,  taken 
probably  in  Misnissippi,  I  find  nine  eggs,  the  hindermost  three  of  which 
are  in  the  left  oviduct.  The  eggs  are  about  three  quarters  of  an  inch  long 
and  a  third  of  an  inch  in  the  short  diameter.  The  development  of  the 
embryo  had  just  begun.  In  a  female  (U.  S.  Nat.  Mus.,  No.  17952)  of 
faireyi^  28  inches  long,  taken  at  Vredersburg,  Ind.,  are  twelve  ovarian  eggs 
of  the  same  size  as  those  just  mentioned.  The  hinder  four  are  in  the  1*  ft 
ovary.  At  what  time  of  the  year  the  two  specimens  last  described  w(*re 
killed,  I  do  not  know.  In  a  specimen  of  fairefi,  40  inches  long  (U.  S.  Nat. 
Mus.,  No.  17958),  captured  at  Virksburg,  Miss.,  about  the  4th  of  July, 
there  are  twenty  young  snakes,  each  close  to  9  inches  in  length.  The 
hindermost  nine  of  these  are  in  the  left  oviduct.  All  were  evidently  ready 
to  be  expelled.  They  did  not  appear  to  be  contained  in  any  egg-covering, 
and  the  egg  tooth  was  not  found  in  any  of  the  three  which  were  examined. 
Not  only  is  this  date  not  so  early  as  that  given  by  Dr.  Abbott  for  the 
finding  of  the  eggs  of  this  species  in  New  Jersey,  we  must  take  into  account 
the  difference  in  the  climate,  and  especially  the  difiference  in  the  size  of  the 
young  snakes. 

The  species  of  the  related  genus  Trf-pidonfttus  are  also  ovoviviparous. 
T,  tdpidon,  our  water-snake,  is  the  commonest  specifS  of  the  genus  in  the 
eastern  Tnited  States.  It  is  exiiem»']y  variable  an  i  reaches  a  large  nize. 
Prof.  Putnam  has  a  note  regarding  the  bretding  habits  of  this  species.t 
He  statts  that  twenty  two  of  the  young  belonging  to  one  family  it  ere 
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found.  Each  of  them  was  8  inches  long.  Dr.  Heilprin  mentions*  a  large 
specimen  from  which  thirty-three  young  were  taken.  These  were  in  dif- 
ferent stages  of  development.  Some  of  the  larger  ones  had  absorbed  all 
the  yolk,  while  to  others  a  considerable  mass  of  this  was  attached.  In  a 
specimen  (IT.  S.  Nat.  Mus.,  No.  17962)  from  some  point  in  northern  Indi- 
ana I  find  sixteen  eggs,  eight  in  each  oviduct.  The  young  are  7 J  inches 
long,  and  each  is  provided  with  a  well-developed  egg-tooth.  This  is  curved 
upward  like  a  short  horn,  and  tapers  gradually  to  near  the  point,  where  it 
rounds  ofif  rapidly.  The  egg-membranes  are  thin.  I  have  some  reasons 
for  believing  that  the  larger  specimens  of  this  species  will  be  found  to  pro- 
dace  a  considerably  larger  number  of  young  than  the  above  observations 
in<licate. 

I  have  met  with  no  statements  regarding  the  breeding  habits  of  either 
Tnipidonotus  grahamii  or  T.  leberiSf  except  that  made  by  Miss  Hop1ey,t  to 
the  effect  that  a  specimen  of  the  last-mentioned  species  in  the  Zo51ogical 
Gardens  produced  in  August  five  young  and  at  the  same  time  some  eggs. 
What  the  state  of  development  of  these  eggs  was,  and  what  became  of 
them,  we  are  not  informed.  I  have  a  female  specimen  (No.  26)  taken 
somewhere  in  Indiana,  and  in  this  I  find  eight  eggs,  of  which  three  are  in 
the  left  oviduct.  There  are  no  signs  of  beginning  development.  A  gravid 
female  (U.  S.  Nat.  Mus.,  No.  17970),  captured  on  July  15,  and  sent  me  by 
Mr.  W.  0.  Wallace,  of  Wabash,  Ind.,  is  24  inches  long.  There  are  eight 
eggs,  two  of  which  are  in  the  left  oviduct.  The  eggs  are  of  different  shapes, 
on  account  of  pressure.  A  considerable  amount  of  yolk  is  still  present,  an 
indication  that  the  embryos  are  not  yet  completely  developed.  A  meas- 
urement of  one  of  these  shows  it  to  be  6^  inches  long.  The  longitudinal 
bands  of  the  upper  surface  are  sufficiently  well  displayed  to  enable  one 
easily  to  determine  the  species,  but  the  longituHinal  brown  ventral  bands 
are  not  seen.  I  find  no  indications  of  the  presence  of  the  egg  tooth,  al- 
though it  is  probably  present. 

Some  years  ago  I  killed  a  specimen  of  a  female  of  T.  graJiamii  in  Bureau 
County,  111.  Of  the  specimen  the  skin  and  a  few  eggs  (U.  S.  Nat.  Mus., 
No.  17954)  were  preserved.  The  time  of  capture  was  about  the  middle  of 
July  or  later.  The  mother  snake  was  of  such  a  rusty  color  that  the  species 
to  which  she  belonged  could  not  then  be  determined.  One  of  the  eggs 
measures  an  inch  and  a  half  in  long  diameter  by  three-quarters  trans- 
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versely.  A  considerable  mass  of  yolk  is  present,  into  one  side  of  which  an 
embryo  snake  is  sunken.  This  embryo  is  7  inches  long;  and,  although 
thus  immature,  has  its  scales  and  its  colors  so  perfect  that  there  is  no  diffi- 
culty in  assigning  it  to  the  proper  species.  The  embryo  is  surrounded  by 
a  very  thin  egg-covering.  No  indications  of  the  presence  of  the  egg-tooth 
were  seen  until  a  series  of  sections  through  the  snout  were  examined, 
when  it  appeared. 

Tropidonotus  kirtlandi  is  a  rather  common  snake  in  central  Indiana.  One 
specimen  (U.  S.  Nat.  Mus.,  No.  17957)  taken  at  Irvington  contains  three 
eggs  in  each  ovary.  Each  egg  is  a  little  less  than  half  an  inch  in  length. 
Another  specimen  (IJ.  S.  Nat.  Mus.,  No.  17053)  from  Winchester,  Randolph 
county,  has  eight  eggs  in  the  ovaries.  Each  egg  is  seven -sixteenths  of  an 
inch  in  length.    This  species  is  in  all  probability  ovoviviparous. 

The  species  of  Storeria  are  stated  by  Dr.  Goode*  to  be  oviparous ;  but 
Prof.  Copet  regards  them  as  ovoviviparous,  and  he  is  quite  certainly  correct 
in  his  conclusion.  One  female  of  Sioreria  dekayi  sent  me  from  Winches- 
ter, Ind.,  contains  thirteen  eggs,  five  of  which  are  in  the  left  ovary,  the  re- 
mainder in  the  right.  The  eggs  have  apparently  not  attained  their  full 
ovarian  size.  Another  specimen  ( U.  S.  Nat.  Mus.,  No.  17960)  of  this  species, 
taken  by  Dr.  D.  S.  Jordan,  at  Cumberland  Gap,  Tenn.,  about  midsummer, 
is  a  foot  long,  and  has  in  it  eleven  eggs,  the  hindermoet  three  of  which  are 
in  the  left  oviduct.  Each  egg  is  about  three- eighths  of  an  inch  in  length 
by  one-quarter  in  short  diameter.  Another  specimen  (U.  S.  Nat.  Mus.,  No. 
17967),  which  was  taken  at  Irvington,  contains  eight  eggs  in  the  oviducts, 
each  including  a  very  immature  embryo  an  inch  and  a  half  in  length.  The 
eggs  are  about  half  an  inch  long.    The  membranes  are  extremely  thin. 

I  find  a  few  notes  on  the  breeding  habits  of  HeUrodon  platirhinos,  the  hog- 
nosed  snake,  viper,  or  spreading  adder,  as  it  is  popularly  known.  Some  of 
these  contain  statements  which,  to  me,  appear  exaggerated.  Dr.  J.  Schneck, 
of  Mount  Carmel,  111.,  reportst  that  eighty-seven  "young spotted  spreading 
adders''  were  taken  from  the  body  of  a  wounded  female.  The  author  of 
the  note  did  not  see  this  done,  but  got  his  information  from  persons  who 
did  see  it.  I  am  strongly  inclined  to  believe  that  the  reptile  was  a  Tropido- 
notm  mpedon.  Another  writer  if  in  Pennsylvania  gives  an  account  of  over 
one  hundred  young  snakes  issuing  from  a  wound  in  the  side  of  a  female 
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spreading  adder.  These  young  were  each  from  6  to  8  inches  in  length,  and 
all  were  active  and  blowing  vigorously.  Neither  did  the  author  of  this 
note  see  the  escape  of  the  snakes,  although  he  did  see  sixty- three  of  the 
young  in  alcohol.  There  may  easily  have  been  an  error  in  the  determina- 
tion of  the  species  to  which  these  young  snakes  belonged.  One  who  has 
examined  the  eggs  of  this  species  can  not  easily  believe  that  so  many 
young  snakes  could,  with  such  readiness,  escape  from  a  wound  in  the 
mother's  side.  Moreover,  these  snakes  deposit  their  eggs  in  the  earth  some 
time  before  the  young  are  ready  to  lead  an  independent  existence. 

Dr.  Bumpus  {op,  dt.j  p.  364)  states  that  a  ieaisXe  Heterodon  in  the  National 
Museum  brought  forth  one  hundred  and  eleven  young;  but  Dr.  Bumpus 
kindly  informs  me  that  he  did  not  himself  observe  this. 

Prof.  F.  W.  Cragin  reports*  the  finding,  on  September  10,  of  twenty-two 
^gs  of  this  species.  They  were  buried  in  the  sand  at  East  Hampton,  Long 
Island.  Two  of  the  eggs,  which  he  had  in  his  possession,  hatched  four 
days  afterwards.  Troost  appears  to  have  dissected  a  black  specimen,  in 
which  he  found  twenty-five  eggs.  Dr.  0.  0.  Abbott  sayst  that  he  has  fre- 
quently in  May  found  the  eggs  of  the  hog-noeed  snake  in  considerable 
numbers,  a  few  inches  below  the  surface  of  the  ground ;  and  in  early  July 
he  once  found  a  family  of  17  very  small,  and  apparently  just  hatched, 
young.  These  resented  all  interference,  snapped,  hissed,  and  flattened 
their  heads  precisely  as  an  older  snake  would  do.  The  size  of  the  young 
is  not  given,  but  in  another  place  {op,  cU,  p.  p.  295)  be  implies  that  they 
were  less  than  4  inches  in  length.  I  think  that  this  species,  like  most 
other  species,  produce  their  young  rather  later  in  the  season ;  but  I  see  no 
reason  for  not  believing  that  some  individuals  may  bear  their  eggs  over  the 
winter  and  lay  them  in  the  spring. 

A  female  (U.  S.  Nat.  Mus.,  No.  17951),  sent  me  from  Veedersburg,  Foun- 
tain county,  Ind  ,  contained  fifteen  eggs,  the  posterior  four  of  which  lay  in 
the  left  oviduct.  I  could  discover  no  signs  of  embryos.  Each  egg  was  cov- 
ered by  a  thick,  tough,  yellowish  coat,  inside  of  which  was  a  thinner  and 
more  delicate  membrane. 

Through  the  kindness  of  Dr.  L.  Stejneger,  curator  of  the  department  of 
reptiles  in  the  National  Museum,  I  have  been  enabled  to  make  some  obser- 
vations on  the  eggs  and  living  young  of  this  Ileierodon.  On  the  olst  day  of 
last  August,  there  were  brought  into  the  laboratory  of  the  Department,  from 
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some  point  in  Maryland  not  far  from  Washington,  a  lot  of  twenty-seven 
eggs,  which  the  finder  said  were  the  eggs  of  the  copperhead.  It  was  re- 
ported that  the  eggs  were  thrown  ap  out  of  the  ground  by  the  plow,  and 
that  the  mother  snake  was  near  by  and  had  resented  the  disturbing  of  her 
treasures.  She  had  been  killed,  but  had  not  been  sent  along  with  the  eggs. 
Since  it  was  supposed  that  the  copperhead  produces  living  young,  the  occu- 
pants of  the  laboratory  were  anxious  to  learn  if  this  opinion  were  err<  ne- 
ouB.  Accordingly  one  of  the  eggs  was  opened,  and  in  it  was  found  a  young 
hog  nosed  snake,  fully  developed,  and  ready  to  assist  himself  on  the  stage 
of  action.  This  Heierodon  quite  closely  resembles  the  copperhead,  and  most 
people  are  not  accustomed  to  make  nice  distinctions  among  snakes.  This 
close  resemblance  may  account  for  some  of  the  statements  of  the  large 
number  of  young  produced  by  the  copperheads.^ 

The  ettgB  referred  to  were  between  an  inch  and  a  quarter  and  an  inch  and 
a  half  long,  ani  about  seven-eighths  inch  in  short  diameter.  The  egg  cov- 
ering was  thick,  tough,  and  flexible,  resembling  a  piece  of  parchment. 
There  is  little  if  Imy  deposit  of  lime  in  it.  Of  these  eggs,  some  were  found 
to  have  hatched  during  the  night  of  September  6.  Others,  which  were 
buried  somewhat  deeper  in  some  clay,  escaped  from  the  eggs  later ;  but  all 
were  out  by  the  afternoon  of  the  8th.  The  length  of  such  as  were  meas- 
ured varied  between  7  and  8  inches.  From  the  moment  of  escape  from  the 
egg  all  were  quite  active,  and  manifested  many  of  the  characteristics  of  the 
adults.  Some  of  the  little  fellows  were  quite  saucy,  and  would  make  a  pre- 
tense of  striking  at  the  approaching  finger ;  but  their  efforts  in  that  line 
were  rather  feeble.  A  faint  hiss  was  sometimes  uttered,  but  that  may  not 
have  been  voluntary.  One  would  sometimes  flatten  its  head  and  body  and 
rear  up  with  the  anterior  third  of  its  length  free  from  the  ground.  If  one 
did  not  know  well  their  inoffensive  natures,  one  would  be  excused  for  fear- 
ing to  handle  them.  An  extremely  singular  habit  possessed  by  tbe  adults 
is  that  of  feigoing  death.  On  being  struck  or  teased  they  will  roll  over 
and  over,  as  if  in  the  intensest  agony,  and  then  throw  themselves  on  the 
back  and  lie  there  as  if  dead.  Out  of  some  fifteen  of  the  young  experi- 
mented with,  I  succeeded  in  getting  only  two  or  three  to  go  through  with 
this  performance,  but  these  did  it  to  perfection.  On  being  lightly  struck  a 
few  times,  they  would  turn  over  on  the  back,  writhe  about  a  while,  and 
then  lie  perfectly  still.  If  turned  right  side  up,  they  would  again  turn  on 
the  back.    If  left  undisturbed  for  a  little  while  they  would  turn  over  and 
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creep  slyly  away.  The  others  of  the  young  woald  not  act  in  this  way,  how- 
ever much  they  were  teased.  It  would  he  interesting  to  know  whether  all 
the  adnlts  possess  this  odd  habit,  or  only  a  portion  of  them. 

The  cuticle  of  the  young  Heierodom  is  shed  very  shortly  after  their  escape 
from  the  egg-coverings.  Within  a  few  minutes  after  one  had  left  its  prison 
the  skin  was  observed  to  be  broken  about  the  head.  It  had  left  the  egg  at 
half-past  1  and  by  4  o'clock  the  skin  was  pushed  back  half  the  length  of 
the  body.  The  next  morning  the  skin  w^as  wholly  shed,  revealing  the 
brighter  colors  of  the  new  skin.  While  getting  rid  of  the  cuticle' the  little 
reptile  kept  crawling  over  the  clay  and  among  the  roots  of  grass. 

The  opportunity  was  embraced  to  observe  the  use  whi(;h  is  made  of  the 
egg-tooth.  The  tooth  itself  is  easily  seen  in  the  just-hatched  snake.  Its 
lateral  borders  are  more  nearly  parallel  than  those  of  the  tooth  of  Batcanion 
figured  by  Weinland.  Seen  from  the  side,  the  anterior  or  upper  outline  is 
concave,  the  posterior  outline  convex.  Thus,  the  tooth  projects  forward 
and  is  turned  slightly  up.  The  anterior  face  is  also  concave  from  side  to 
side,  so  that  there  is,  on  each  side,  a  distinct  cutting  edge.  The  tip  is  cut 
off  square.  The  tooth  appears  to  have  a  ligamentous  attachment,  and  may 
be  lifted  a  little,  but  not  much  depressed.  It  seems  quite  evident  that  the 
tooth  is  first  engaged  in  the  egg-covering  and  then  made  to  do  its  work  by 
a  forward  push  of  the  head.  An  examination  of  the  covering,  after  the 
snake  has  left  it,  gives  ample  proof  that  it  has  been  cut  and  not  merely 
torn.  The  edges  are  as  smooth  as  if  they  had  been  slashed  with  a  razor. 
A  long  slit  is  sometimes  made  as  if  by  a  single  effort.  In  other  cases,  sev- 
eral attempts  appear  to  have  been  made  before  the  covering  has  been  open 
enough  for  the  snake  to  get  out.  In  one  or  two  cases,  a  tooth  has  not  been 
inserted  deeply  enough,  and  the  only  result  was  a  scratch  on  the  inside  of 
the  covering.  The  egg  tooth  having  performed  its  ofiice  becomes  loose  and 
drops  out.    This  occurs  usually  within  twenty-four  hours. 

When  the  slit  has  been  successfully  made,  the  little  snake  may  sometimcK 
be  seen  pushing  its  head  carefully  out  as  if  to  survey  the  surroundings. 
Should  there  be  any  movement,  the  head  will  be  quickly  withdrawn. 

I  have  been  able  to  collect  some  facts  concerning  the  pairing  of  the  sexes 
of  Hettrodon  platirhinoB.  Prof.  W  0.  Cox,  of  Mankato,  Minn.,  informs  me 
that  he  found  two  individuals  uniting  some  time  in  May.  A  second  male 
was  entwined  with  the  two  other  snakes.  The  latter  were  separated  with 
difficulty.  The  male  intromittent  organs  are  described  as  being  of  an  oval 
form,  an  inch  long  and  over  a  half  inch  thick. 
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Two  observers  have  seen  black  specimens,  formerly  called  //.  niger^  pair- 
in;?  with  tho  spotted  individuals.  Prof.  W.  S.  Blatchley*"  found  a  l)lack 
and  a  spotted  one  copulating  on  April  19.  He  speaks  in  a  letter  to  me  of 
the  intermittent  organs  as  being  as  large  as  a  walnut,  and  covered  with 
spines.  Mr.  E.  K.  Quick,  of  Brookville,  Ind.,  an  accurate  observer  of  na- 
ture, writes  me  that  he  once  found  a  black  viper  pairing  with  a  spotted  one. 
The  time,  he  thinks,  was  late  in  June.  The  time  of  gestation  of  this 
species  is  not  known.  It  may  continue  from  spring  until  autumn.  Possi- 
bly the  late-pairing  individuals  may  retain  their  eggs  until  the  next  spring. 
Nor  do  we  know  how  long  the  eggs  are  laid  before  they  are  ready  to  hatch. 
These  matters  are  known  concerning  very  few  of  our  snakes,  and  a  ¥nde 
field  is  oflered  for  work  and  observation. 

Of  the  Colitbers,  I  have  been  able  to  make  observations  on  C.  obsoUtwt 
alone.  It  is  likely  that  others  have  observed  and  written  on  the  subject, 
but  I  have  not  met  with  their  statements.  Dr.  G.  B.  Goode  reckonsf  this 
species  among  those  which  are  ovoviviparous,  but  I  am  inclined  to  question 
this.  My  son,  W.  P.  Hay,  captured  two  of  these  snakes,  near  Indianapo- 
lis, while  they  were  in  sexual  union.  This  was  on  June  19.  The  male  (U. 
S.  Nat.  Mus.,  No.  17948)  was  5  feet  5  inches  long,  the  female  (U.  S.  Nat. 
Mus.,  Xo.  17949)  (>  feet  3  inches.  When  they  were  separated,  the  intromit- 
tent  organs  of  the  male  were  everted  some  '^  inches.  A  dissection  shows 
that  the  hollow  portion  of  the  organ  extends  behind  the  vent  3  inches, 
while  the  retractor  muscles  form  a  cord  which  extends  back  nearly  to  the 
tip  of  the  tail.  At  the  base  of  the  evertible  portion,  near  the  vent,  the  in- 
ner surface,  which  when  the  organ  is  everted  becomes  the  outer  surface,  is 
furnished  with  numerous  plications.  Near  the  middle  of  the  organ  are 
found  many  hooked  papilhe,  some  of  them  large  and  homy.  The  remain- 
der of  the  organ  has  the  surface  raised  up  into  numerous  anastomozing 
folds,  eo  that  under  the  microscope  it  reminds  one  of  the  reticulum  of  the 
ox's  stomach.  On  opening  the  female  I  find  in  her  sixteen  eggs.  Of  these 
eggs,  four  lie  about  the  middle  of  the  animal*s  body,  while  the  other 
twelve  occupy  a  much  more  anterior  position  ;  the  one  farthest  forward  be- 
ing within  S  inches  of  the  tip  of  the  snake's  snout,  the  hindermost  one 
only  9  inches  farther  back.  Several  of  these  eggs  are  lying  apparently 
loose  in  the  body  cavity.  It  might  be  supposed  that  they  had  just  left  the 
ovary  and  were  about  to  enter  the  oviduct ;  but  they  are  surrounded  each 
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with  a  covering  nearly  as  thick  and  tough  as  that  of  the  egg  of  the  Hetero- 
dtm,  Coald  these  eggs  have  have  been  in  the  oviducts  and  then  squeezed 
out  into  the  boily  cavity  during  the  time  of  being  entwined  with  the  male  ? 
The  thickness  of  the  egg  covering  makes  it  appear  to  me  highly  probable 
that  the  eggs  are  destined  to  be  laid  before  the  young  will  be  mature 
enough  for  independent  existence.*  t 

iSome  years  ago,  in  midsummer,  I  found  a  number  of  the  eggs  of  the 
house  snake  which  had  been  deposited  in  a  pile  of  stable  manure.  This 
was  in  Bureau  county,  III.  No  record  was  kept  of  the  number  of  the  eggs, 
but  a  few  of  them  (U.  S.  Nat.  Mus.,  No.  17955)  were  preserved  in  alcohol. 
When  found,  the  eggs  were  glued  together  into  one  mass.  Each  egg  is  2 
inches  long  and  nearly  an  inch  and  a  quarter  in  the  short  diameter.  On 
the  outside  is  found  a  thick,  leathery,  yellow  covering;,  beneath  which  is  a 
much  thinner  coat.  From  one  of  these  eggs  I  have  taken  a  young  snake 
which  measures  lOil  inches  in  length.  Attached  to  this  embryo  is  a  con- 
siderable mass  of  yolk,  a  condition  which  indicates  that  the  embryo  is  not 
ready  for  hatching.  Nevertheless,  all  the  generic  and  specific  characters 
are  well  shown.  There  is  a  well-developed  egg-tooth.  The  intromittent 
organs  are  everted  in  the  specimen  examined.  Each  consists  of  a  rather 
slender  and  twisted  basal  stalk,  at  the  end  of  which  is  the  swollen  glans. 
This  is  acorn-shaped  at  the  base,  but  terminates,  at  the  distal  end,  in  two 
blunt  lobes.  The  base  of  the  glans  is  densely  spinoso,  the  remainder  re- 
ticulately  papilose.  The  seminal  groove  winds  around  the  basal  stalk  and 
terminates  at  the  tip  of  one  of  the  terminal  lobes,  the  larger  one. 

Concerning  the  breeding  habits  of  the  black-racer,  Bascanion  conMrictor^ 
I  find  little  in  print.  It  is  well  known  that  the  young  difler  markedly 
from  the  adults,  being  decidedly  spotted.    Dr.  Weinland,  as  already  stated, 

^  Since  the  above  has  gone  to  press,  I  have  had  the  opportunity,  April  29,  of  dissecting  a 
recently  raptared  female,  the  length  of  which  was  4  feet  4  inches.  The  ovaries  lie  in  the 
region  situated  about  two  thirds  the  distance  from  the  head  to  the  vent.  Kach  ovidact 
ends  close  to  the  corresponding  ovary.  It  seems  evident,  therefore,  that  at  least  some  of 
the  eggs  of  the  specimen  describe<l  above  are  really  lying  loose  in  the  body  cavity.  In 
the  specimen  dissected,  the  ovarian  eggs  are  very  immature,  none  of  them  exceeding 
about  a  quarter  of  an  inch  in  length.  It  may  be  of  some  interest  to  add  that  this  female  had 
the  anterior  three- fourths  of  the  body  ornamented  with  blotches  of  a  decided  red  color, 
the  red  occupying  both  the  surfaces  of  the  scales  and  the  skin  between  them.  The 
blotcherwere  separated  by  scales  which  were  partly  yellow.  Soon  after  death  a  great 
part  of  the  red  disappeared.   The  stomach  contained  eight  wild  mice,  six  of  them  young. 

1 1  am  able  to  state  that  Coluber  obsoittus  is  oviparous.  Mr.  Thomas  Marron,  of  the  Na- 
tional Museum,  early  in  April,  18S9,  collected  a  number  of  snake  eggs  in  a  hollow  stump 
near  the  Potomac  river.  They  were  opened  and  found  to  contain  fully  developed  young 
of  this  species.  {V.  s.  Nat.  Mus.,  No.  153;^.).— Leonhard  Stejncger. 
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described  the  egg-tooth.  In  one  female,  taken  near  Indianapolis,  I  find 
nineteen  eggs,  seven  of  which  lie  in  the  left  ovary.  These  eggs  are  quite 
immature. 

Some  alcoholic  eggs  (U.  S.  N^at.  Mus.,  No.  17956)  of  this  species  from  an 
unknown  locality  furnish  some  points.  They  are  of  the  usual  elongated 
oval  form,  an  inch  and  a  half  lone  and  close  to  an  inch  in  short  diameter. 
The  outer  covering  is  thick  and  tough,  and  it  is  famished  with  numerous 
hard  points,  as  if  of  deposits  of  lime  salts.  Within  the  egg  is  a  young  racer 
lOJ  inches  long  and  evidently  nearly  ready  to  come  forth.  The  intromit- 
tent  organs  of  this  specimen  are  somewhat  flattened,  broad  at  the  extremity, 
and  with  prominent  terminal  angles.  The  organ  begins  to  expand  from  its 
base.  It  is  furnished  plentifully  with  spines.  When  the  sexes  unite, 
when  the  eggs  are  laid,  how  concealed,  and  when  they  hatch,  are  some  of 
the  things  which  we  need  to  learn. 

I  have  examined  a  specimen  (IT.  8.  Nat.  Mus.,  Xo.  171)69)  of  Haidea  strict 
tida  from  some  point  in  Arkansas.  It  is  9^  inches  long  and  contains  five 
eggs,  each  with  a  young  Haidea  in  it.  Only  the  hinder  most  egg  is  in  the 
left  oviduct.  This  is  a  little  over  an  inch  long,  but  the  others  are  only  a 
little  more  than  three-quarters.  The  short  diameter  of  the  egg  is  about 
a  quarter  of  an  inch.  The  embryos  are  far  from  mature,  being  only  2i{ 
inches  long  when  extended.  They  have  a  considerable  mass  of  yolk  still 
attached  to  them.  The  egg-coverings  are  very  thin.  This  circumstance 
causes  me  to  conclude  that  the  young  are  brought  forth  alive.  A  series  of 
sections  through  the  snout  of  an  embryo  reveals  the  presence  of  the  usual 
egg- tooth. 


Some  oitsERVATioxs  ON  the  tlktlks  ok  the  (;EXl^s  malah.kmys.  Jiy  O.  Pi 
Hay. 
Of  the  turtles  belonging  to  the  genus  Malaclemijs  there  are  now  recog- 
nized five  Kpecies,  two  new  ones  having  been  described  within  recent  years 
by  Dr.  G.  Baur.  The  genus  is  a  very  distinct  one,  and  is  distinguished 
from  Chrysemf/s  especially  by  the  extremely  broad  and  fiat  crushing  surfaces 
of  both  upper  and  lower  jaws.  As  a  result  of  the  provision  made  for  the 
support  of  these  wide,  homy,  masticatory  plates,  the  internal  nares  are 
thrown  far  back,  so  as  to  lie  behind  the  level  of  the  eyes.    In  the  Catalogue 
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01  the  GhelonianB  in  the  British  Maseum,  1889,  Dr.  G.  A.  BouleDger  eays 
that  the  **  plastron  ia  extensively  united  to  the  carapace  by  sature,  with 
feeble  axillary  and  inguinal  peduncles,  the  latter  ankylosed  to  the  fifth 
coetal  plate."  Sometime  ago  I  macerated  a  large  specimen,  M.  geographical 
until  the  whole  plastron  fell  away  from  the  carapace,  thus  showing  that 
there  was  no  ankylosis  of  the  parts. 

The  Map  tortoise,  M.  geographica,  was  described  by  the  naturalist  Le 
Suenr,  in  the  Journal  of  the  Philadelphia  Academy  for  1817.  In  the  M^- 
moireB  du  Museum  de  Paris  for  1827,  Le  Sueur  presented  the  description  of 
another  species  of  this  genus  from  specimens  which  he  had  taken  in  the 
Wabash  river,  at  New  Harmony,  Ind.  Neither  figure  nor  systematic  name 
accompanied  the  description,  although  he  appears  to  have  had  a  name  in 
manuscript,  pteudogeographica.  It  is  evident  that  Le  Sueur  had  in  mind 
the  terrapin,  which  has  for  the  most  part  gone  by  that  name  since  then, 
although  the  description  is  in  some  respects  erroneous.  The  first  mention 
that  I  find  of  this  manuscript  name  of  Le  Sueur  is  found  in  connection 
with  the  Emys  lesueurii,  described  by  Dr.  J.  E.  Gray  in  his  Synopsis  Kep- 
tilium,  1831.  It  is  also  given  by  Dum^ril  and  Bibron  in  Erp^tologie  G^^r- 
ale,  vol.  II,  p.  256,  as  a  synonym  of  Emyt^  geographical  with  the  remark, 
"  jeune  age."  In  his  work,  Herpetology  of  North  America,  published  in 
1842,  Dr.  Holbrook  recognized  the  fact  that  this  terrapin  is  distinct  from 
the  earlier  described  geographical  and  gave  to  it  the  name  that  Le  Sueur 
had  bestowed  on  it  in  his  manuscripts.  He  also  accompanied  the  descrip- 
tion with  a  colored  plate.  It  is  from  this  date,  1842,  that  we  must  reckon 
in  determining  the  tenability  of  the  name  psendogeographica. 

In  IS^U  Dr.  J.  E.  Gray,  in  his  Synopsis  Keptilinm,  p.  31,  published  a  de- 
scription of  a  species  which  he  called  Emtjs  lesiieurii.  This  supposed  new 
species  was  founded  on  either  a  specimen  of  geographica  or  on  one  of  what 
Holbrook  afterwards  called  pseudogeographica.  Dr.  Gray  himself,  in  all  his 
subsequent  publications,  wrote  down  the  name  hsueurii  as  a  synonym  of 
geographica^  although  previously  to  the  publication  of  his  Catalogue  of  the 
Shield  Reptiles  he  did  not  recognize  Le  Sueur's  pseudogeographica  as  being 
distinct  from  the  earlier  described  gtographica. 

In  1857  Louis  Agaesiz,  in  his  Natural  History  of  the  United  States,  ar- 
ranged both  the  species  referred  to  under  the  genus  Oraptemi/s.  Of  his 
Oraptemys  hmmrii  he  say :  "  This  species  is  commonly  called  EmifSjyseuffo- 
'jeographica ^  but  the  specific  name  Le  Sueurii  is  older.  It  is  evident  from  his 
reference  that  Gray  at  first  applied  the  name  of  Emt/s  lie  Sueurii  to  this 
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species,  and  not  to  Gr.  (jeographica ;  now  Gray  calls  it  also  Emys  paendo- 
geographica^^  Since  that  time  Prof.  E.  D.  Cope,  in  his  Check  List  of  1875, 
employed  the  name  used  by  Holbrook,  but  Mr,  F.  W.  True,  in  Dr.  Yar- 
row's Check  List  of  1882,  adopted  Agaasiz's  suggestion  and  called  the  spe- 
cies Mahcodemys  Ifsiieurii. 

Since  now  the  name  by  which  we  are  to  know  the  species  called  by  Le 
Sueur  and  Holbrook  paendogeographica  depends  on  what  Gray  had  before 
him  when  he  described  his  Emys  Usuenrii  it  becomes  necessary,  if  possible, 
to  determine  that  matter.  More  certainly  depends  on  that  than  on  Gray's 
references  to  any  previous  writings. 

Among  other  differences  existing  between  the  two  species  of  Malademy$ 
referred  to  here,  is  one  which  enables  us  in  all  cases  to  distinguish  them. 
This  is  found  in  the  form  of  the  yello  w  spot  which  lies  on  the  side  of  the 
head  just  behind  the  eye.  In  M.  geographim  this  spot  is  broad,  rather  tri- 
angular, and  elongated  in  the  direction  of  the  head.  In  the  other  species 
the  spot  is  a  transverse  streak,  running  behind  the  eye  and  sometimes  curv- 
ing forward  below  it.  Now,  in  his  description  of  Emys  lexueurii,  Gray  has 
this  language:  **  Temporibus  macula  triangulari  notatis."  At  the  end  of 
his  description  he  further  says :  **  Emys  get^graphmi  of  Le  Sueur  agrees 
with  the  museum  specimen,  except  in  that  the  first  vertebral  plate  is  not 
urn  shaped,  and  Le  Sueur  does  not  notice  the  triangular  temporal  spot.'' 
In  that  remark  we  have  evidence  that  Gray  had  before  him  but  a  single 
specimen  and  that  that  specimen  had  the  *'  ear-mark  "  of  geographica.  We 
further  learn  why  he  described  it  as  different  from  Le  Sueur* s  species. 
That  Gray  was  at  this  time  aware  of  the  existence  of  Le  Sueur's  manu- 
script name  appears  from  the  following  words  at  the  end  of  the  descrip- 
tion: 

'i  3   Scutello  vertebrali  primo  nrceolato."    Sviya  gwgraphica,  Lesueur.  Jour.  Acad. 

N.  S.  Phil.  t.    Emyii  pneudogeograpliica,  Lesueur  M88.  (.Mus.  Paris). 

This  is  probably  the  reference  that  Agassiz  alludes  to,  and  it  is  hard  to 
see  why  Gray  introduces  it  here;  but  it  no  more  proves  that  he  had  Le 
Sue\ir*8  pneu(h}g<'0(fraphic<i  in  mind  than  the  other  species.  Indeed,  he  re' 
garded  them  as  both  the  same  thing.  Furthermore,  in  his  Catalogue  of  the 
Shield  Reptiles,  he  refers  this  /S  to  psewhyeographica^  while  his  lemenrii  is  re- 
ferred to  grographka.  It  is  evident  that  he  regarded  what  he  placed  under 
/•(  as  different  from  the  species  he  was  describing.  I  make  the  suggestion 
that  the  quotation  marks  were  put  in  front  of  the  ^-t  through  an  error  of 
writing  or  printing.  As  to  the  characters  assigned  to  Icmeuriiy  I  submit 
that  they  apply  much  better  to  M,  yeographica  than  to  pi<eiHloge(tgra]thica. 
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The  subeeqaent  history  of  these  two  species,  so  far  as  Dr.  Gray  in  con- 
<-emed,  is  as  follows :  In  the  Catalogue  of  Tortoises,  published  in  1844,  he 
regards  both  pBeadogeographica  and  lesneurii  as  synonyms  of  gnHjraphica.  He 
does  not  appear  at  this  time  to  have  seen  Dr.  Ilolbrook's  work  of  1842.  In 
his  description  of  the  (jeofjraphica  of  the  Catalogue  of  Tortoises,  Dr.  Gray 
says  of  the  head- spot  only  that  it  is  *'  a  yellow  streak  on  the  temple.''  In 
making  this  description  he  had  before  him  t^o  specimens,  which  according 
to  his  plan,  he  designates  as  a  and  b.  Was  either  of  these  the  one  on 
which  he  had  in  1831  based  the  species  Itmieurif  f  This  is  of  some  import- 
ance and  will  presently  be  considered. 

By  the  time  of  the  publication  of  the  Catalogue  of  Shield  Reptiles,  in 
1855,  Dr.  Gray  had  undergone  another  change  of  mind.  He  now  recog- 
nized the  existence  of  two  entirely  distinct  species,  and  these  he  designates 
as  Em  1/8  geographica  and  E.  pi^*udoifeographxcn,  Oi  the  latter  species  there 
were  then  in  the  British  Museum  seven  specimens,  live  of  which  had  cer- 
tainly been  received  since  1 844.  The  other  two  are  distinctly  stated  to  be 
the  ones  which  had  been  recorded  as  a  and  h  under  Einyn  geographicu  in  the 
work  of  1844,  Of  Emt/s  getHjraphlcay  on  the  other  hand,  there  was  in  1855 
only  a  single  specimen  in  the  Museum  and  that  is  expressly  said  to  be  the 
one  which  furnished  the  description  of  E.  kawurli  in  18I>1.  Even  then 
Gray  seemed  to  be  a  little  doubtful  about  its  being  the  same  as  Ijq  Sueur's 
geographkaf  but  his  description  of  it  removes  all  doubt.  He  contrasts  it 
sharply  with  the  specimens  of  pseudoijrographica. 

All  these  facts  indicate  that  in  1844,  when  Gray  wrote  the  Catalogue  of 
Tortoises,  the  type  of  E.  Umeurii  was  not  in  his  hands.  It  had  probably 
been  misplaced  and  for  the  time  being  lost.  The  descriptions  of  that  work 
had  been  drawn  from  two  specimens  of  pmodogeographica.  When  the  Cata- 
logue of  Shield  Keptiles  was  written,  the  specimen  had  been  recovered, 
and  Gray  was  enabled  to  compare  it  with  specimens  of  the  other  species 
a4d  with  Holbrook's  descriptions  and  figures.  It  is  spoken  of  as  ''animal 
dry  from  spirits,"  "the  Museum  specimen  is  in  a  bad  state."  Something 
concerning  its  history  may  be  inferred  from  these  remarks. 

Dr.  Boulenger,  in  his  Catalogue  of  Chelonians,  18S9,  accepts  the  specific 
name  Usue^iriiy  instead  of  pnewJogetHjraphica,  No  mention  is  made  of  the 
specimen  which  served  Dr.  Gray  as  the  type  of  hmcvril. 

With  the  evidence  before  us,  we  must,  it  seems  to  me,  accept  the  name 
jmeudfMjt'ographira  for  the  species  under  consideration.  To  reject  it  will  be 
to  ignore  Gray's  statements,  repeatedly  made,  that  his  lemeurii  is  a  sync- 
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nym  of  (jfrxjraphk'a^  as  well  as  the  plain  language  of  his  descriptions.  It 
may  be  a  very  objectioqable  name,  bat  the  lawB  of  priority  must  be  rigidly 
observed. 

The  masticatory  surfaces  of  M,  geographica  are  much  broader  than  those 
of  M.  pfniditgeographicaf  and  we  might  infer  therefrom  that  the  food  of  the 
two  species  is  not  the  same.  In  Volume  XXII  of  the  Bulletins  of  the  Es- 
sex Institute,  Prof.  Harry  Garman  has  made  the  observation  that  the  broad 
surfaces  of  M.  geographica  are  employed  in  crushing  the  shells  of  mollusks, 
the  remains  of  which  he  found  in  their  stomachs.  In  the  stomachs  of 
M.  piciulogeographica,  on  the  other  hand,  he  found  the  remains  of  a  species  of 
sedge,  as  well  some  animal  matter.  Daring  the  month  of  May,  1891,  at  a 
meeting  of  the  Indiana  Academy  of  Sciences  at  Lake  Maxinkuckee,  in 
northern  Indiana,  three  or  four  of  us,  within  a  few  hours  captured  about 
thirty  specimens  of  M.  geographica.  These  specimens  were  almost  invaria- 
bly taken  in  the  water  near  the  shores  of  the  lake  where  the  bottom  was 
covered  with  the  shells,  living  and  dead,  of  Viri2)ara  c(mU'Ctoxde%,  Seven  of 
the  terrapins  were  taken  home  and  kept  some  days  in  a  washtub  partially 
tilled  with  water.  When  they  were  taken  out,  there  were  found  on  the 
bottom  of  the  tub  large  numbers  of  the  opercula  of  that  water  snail.  In  the 
alimentary  canal  of  one  terrapin  were  found  these  opercula,  as  well  as  the 
remains  of  crayfishes,  and  what  appeared  to  be  the  cases  of  some  species  of 
caddis-worm.  The  masticatory  surfaces  of  the  older  specimens  were  found 
to  be  much  worn.  The  crushing  surfaces  of  Dr.  Baur*s  recently  described 
Jf.  oculifera  are  rather  narrow,  while  the  cutting  edges  of  the  jaw  are  very 
sharp.  The  indications  are  that  the  food  does  not  consist  of  mollusks,  but 
rather  of  some  soft  vegetable  and  animal  substances. 

Most,  if  not  all,  the  species  of  this  genus  are  extremely  variable  in  the 
size  of  the  head.  In  the  paper  referred  to  above.  Prof.  Garman  attempts  to 
give  us  the  characters  that  distinguish  geographica  from  pM'Uihxjeofjraphiray 
and  among  such  differential  characters  is  the  size  of  the  head  relative  to 
length  of  the  carapace,  (ivwjraphica  is  stated  to  have  a  large  head ;  pscu- 
(i(M/f()^rajf>Aica  a  much  smaller  head.  He  also  presents  measurements  that 
appear  to  prove  his  position.  Dr.  Holbrook  long  ago  described  a  specimen 
of  geographica  under  the  name  of  Emgi  uu^facephala,  the  name  being  sug- 
gested by  the  massive  head.  Some  years  ago  Dr.  Gray  suggested  that  the 
large  head  might  be  a  sexual  character,  but  he  did  not  state  which  have  the 
big  heads,  the  males  or  females.  Through  the  kindness  of  Dr.  Stejneger, 
I  have  been  permitted  to  examine  all  the  specimens  of  both  species  that 
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are  in  the  National  Museum,  and  I  have  also  exaipined  a  number  of  speci- 
mens of  both  the  species  in  my  own  collection.  I  find  that  the  size  of  the 
head  is  not  a  specific,  but  a  sexual,  character,  and  that  it  is  the  females 
which  have  the  large  heads.  The  heads  of  the  males  are  much  smaller  and 
also  more  pointed.  I  believe  that  the  same  statements  are  true  regarding 
the  salt-water  terrapin,  Jfc^^zc^em^tf  terrajnn,  although  I  have  not  been  able 
to  examine  a  sufficient  number  of  specimens  to  be  certain  about  it.  With 
regard  to  the  other  two  species  referred  to  I  am  quite  certain  that  no  ap- 
preciable difierences  will  be  found  between  them,  when  we  compare  speci- 
mens of  the  same  size  and  sex. 

Another  interesting  matter  pertaining  to  mo«t,  if  not  all,  the  species  of 
this  gedus  is  the  size  of  the  male  as  compared  with  that  of  the  female.  Le 
Conte  is  the  only  author  who  has,  so  far  as  I  am  aware,  made  the  observa- 
tion that  the  male  of  the  salt-water  terrapin  is  small.  Of  the  seven  speci- 
mens of  M.  geographica  taken  by  myself  at  Lake  Maxinkuckee,  three  had 
the  carapace  3}  inches  long,  while  the  other  four  had  a  length  of  carapace 
ranging  from  6^  to  9  inches.  Dissections  proved  that  all  the  small  speci- 
mens were  males  and  the  large  ones  females.  The  same  statements  are 
true  of  such  specimens  of  M.  paeudogeographica  as  I  have  examined.  All 
the  specimens  of  M,  oculifera  Baur  in  the  National  Museum  are,  judging 
from  the  form  of  the  shell,  females ;  and  they  are  all  large  specimens. 
Both  Agassiz  and  Baur  have  observed  that  the  males  of  TrUmyx  ipiniferw 
are  smaller  than  the  females.  On  the  other  hand,  the  largest  specimen  of 
Chdydra  serperuina  that  I  have  ever  seen  was  a  male,  and  I  believe  that  the 
males  of  the  various  species  of  the  genus  ChryKinys,  as  defined  by  Boulen- 
ger,  exceed  the  females  in  size. 

It  is  quite  characteristic  of  the  species  of  the  genus  MaUtdemys  to  have  a 
prominent  keel  along  the  middle  of  the  carapace,  and  this  is  often  nodose. 
In  M.  pf^udogeographica  the  keel  is  nodose  al)  through  life.  However,  all  the 
species,  so  far  as  we  know,  have  these  elevations  along  the  keel  when  young. 
In  some  of  theyouug  of  the  salt  water  terrapin  I  found  that  the  nodosities 
were  especially  large  and  globular.  They  resembled  greatly  a  row  of  me- 
diumsized  peas,  four  or  five  in  number,  lying  along  the  back.  The  spe<ries 
M.  ijeog'aphica^  having  such  a  nodose  keel  while  young,  but  losing  it  as  age 
advances,  must  be  regarded  as  attaining  a  higher  stage  of  development 
than  pseudogeographicay  whi<:h  retains  this  embryonic  character  throughout 
life.  The  young  of  Af.  oculifera  will  undoubtedly  be  found  to  have  a  dis- 
tinct and  nodose  keel. 
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Agassiz  [he.  cit.  p.  2HQ)  discuBses  the  various  ways  in  which  the  different 
kinds  of  tartles  get  rid  of  the  older  layers  of  the  epidermis.  He  mentions 
certain  species  of  fresh-water  turtles,  among  them  M.  pseiidofjaHjraphica  in 
which  he  observed  in  the  spring  the  uppermost  layer  of  the  dermal  plates 
to  be  cast  off  at  once  88  one  continuous,  thin,  mica-like  scale  all  over  the 
plate.  In  a  number  of  very  young  specimens  of  M.  (jeographica  taken  at 
T^ake  Maxinkuckee,  the  outer  layer  of  the  epidermis  was  lifted  up  from  the 
underlying  layers  by  a  quantity  of  fluid.  This  was  preparator}%  no 
doubt,  to  the  casting  off  of  the  epidermal  layer. 


The  (jkyI/Lid.v.  of  Indiana.     By  W.  S.  Blatchlky,  A.  M.,  Terre  Haute, 
Ind. 

The  GryUidx  or  crickets  are,  in  the  main,  distinguished  from  other  Or- 
thopterout  insects,  by  having  the  wing  covers  flat  above  and  bent  abruptly 
downward  at  the  sides ;  the  antennae  long,  slender,  and  many  jointed ; 
the  tarsi,  or  feet,  three  jointed,  without  pads  between  the  claws ;  the  ear 
situated  on  the  tibia  of  the  fore  leg ;  and  the  abdomen  bearing  a  pair  of 
jointed  cerci  or  stylets  at  the  end. 

The  ovipositor  of  the  female,  when  present,  is  long,  usually  spear-shaped^ 
and  consists,  apparently,  of  two  pieces.  Each  of  these  halves,  however, 
when  closely  examined,  is  seen  to  be  made  up  of  two  pieces  so  united  as  to 
form  a  groove  on  the  inner  side,  so  that  when  the  two  halves  are  fitted  to- 
gether, a  tube  is  produced,  down  which  the  eggs  pass  to  the  repository  in 
the  earth  or  twig,  fitted  to  receive  them. 

The  inner  wings  are,  for  the  most  part,  short,  weak,  and  comparatively 
useless  as  flying  organs,  though,  sometimes,  they  are  nearly  twice  as  long 
as  the  outer  pair.  Like  their  nearest  relatives,  the  grasshoppers  an4  katy- 
dids,  crickets  travel  mostly  by  leaps  and,  in  the  course  of  time,  their  hind 
femora  have  thus  become  greatly  enlarged. 

The  chirps  or  love  calls  of  the  different  species  of  crickets  make  up  the 
greater  part  of  that  ceaseless  thrill  which  fills  the  air,  usually  at  night,  from 
mid- August  until  after  frost.  These  sounds  are  made  only  by  the  males, 
and  are  not  vocal,  as  most  persons  suppose ;  but  are  produced  by  rubbing 
the  veins  in  the  middle  of  one  wing  cover  upon  those  of  the  other.  The 
peculiar  structure  of  this  stridulating  organ  of  the  male,  as  well  as  the  high 
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specialization  of  the  ovipositor  in  the  female,  have  led  entomologists  to 
classify  the  OrifUuhr  as  the  highest  family  of  the  Orthoi*tkra. 

Representatives  of  nine  genera  and  sixteen  species  of  these  interesting 
insects  from  Indiana  are  in  the  writer's  collection,  several  of  which  are  ex- 
ceedingly abundant  throughout  the  state. 

A  belief  that  a  brief  and  popular  description  of  the  leading  characters  of 
each  of  these  specien,  togetiier  with  some  account  of  their  habits,  as  noted 
during  a  number  of  years  of  observation,  would  prove  acceptable  to  per- 
sons interested  in  the  study  of  such  creatures,  has  prompted  the  prepara- 
tion of  this  paper.  In  order  to  render  it  as  complete  as  possible  for  refer- 
ence pnrx>08es,  and  thereby  aid  the  younger  entomologists  of  the  state,  a 
synonymy  of  each  species  has  been  compiled  from  such  works  as  were  ac- 
cessible and  appended  to  the  name  of  that  species.  The  following  is  a  full 
list  of  the  authors  and  publications  to  which  reference  is  made  in  the  syno- 
nymy given : 

Comstock,  J.  H. — An  Introduction  to  Entomology,  1, 1888. 

Femald,  C.  H.— The  Orthoptera  of  New  England,  1888. 

Fitch,  Dr.  Asa. — Third  Report  on  the  Noxious  Insects  of  New  York,  185G. 

Glover,  Townsend. — Report  of  U.  S.  Entomologist  in  the  U.  S.  Agricul- 
tural Report  for  1874. 

« 

Harris,  Dr.  T.  W. — Treatise  on  Some  Insects  Injurious  to  Vegetation. 
Third  edition,  18(52. 

McNeill,  Jerome.— A  List  of  the  (Jrthoptera  of  Illinois,  Psyche,  VI,  1891. 

Packard,  A.  8.,  Jun.— Guide  to  the  Study  of  Insects.  Eighth  edition,  1883. 
Fifth  report  I'.  S.  Entomological  Commission,  1890. 

Rathvon,  S,  S.— In  the  U.  S.  Agricultural  Report,  1862. 

Riley,  Dr.  C.  V.— Orthoptera  in  the  Stondard  Natural  History,  II,  1884. 

Say,  Thomas.— The  Entomolgy  of  North  America.  I^Conte  edition, 
ISoO. 

Scudder,  Samuel  H.  -Materials  for  a  Monograph  of  the  N.  A.  Orthoptera, 
in  the  Boston  Journal  of  Natural  History,  VII,  1802.  Catalogue  of  the 
(Jrthoptera  of  N.  A.,  1807.  The  Distribution  of  Insects  in  New  Hampshire, 
in  the  first  volume  of  Final  Report  upon  the  Geology  of  New  Hampshire 
1874. 

Thomas,  Cyrus  H. — Insects  Injurious  to  Vegetation  in  Illinois,  in  the 
Transactions  of  the  Illinois  State  Agricultural  Society,  V,  18<j5. 

XJhler,  Philip  R.— Orthopterological  Contributions  in  the  Proceedings  of 
the  Entomological  Society  of  Philadelphia,  II,  1864. 
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Walsh,  B.  I).— In  the  l*ractical  Entomologist,  vols.  I  and  II,  18(>7. 
Various  Authors. — Insect  Life,  vol.  II,  1889.    Canadian  Entomologist, 
XXIV,  189-2. 

The  following  artificial  key  will  enable  the  student  to  more  readily  dis- 
tinguish the  different  gt^nera  of  Grylliihc  found  in  Indiana. 
a.    Fore  tibia?  broad,  fitted  for  digging. 
b.    Length  of  body  more  than  one-half  of  an  inch.  .   .  II.    (tryllotaliw. 
bb.    Length  of  body  less  than  one-half  of  an  inch.  .       •  I.    Tkidactylhs. 
aa.    Fore  tibiae  slender. 

c.    Hind  femora  slender IX.    iFxtantiiuk. 

c(\    Hind  femora  robust. 
</.    Last  segment  of  the  maxillary  palpus  very  nearly 
of  the  same  length  as  the  one  preceding. 
.€.    Head  as  broad  as  or  broader  than  the  posterior 
margin  of  the  pronotum;  color  black  or  dark 

brown III.    Gbyllus. 

ee.    Head  narrower  than  the  posterior  margin  of  the 
pronotum;  color  light  brown  or  dark  yellow.  .  . 

. VII.    Obocharis. 

dd.    Last  segment  of  the  maxillary  palpus,  very  nearly, 

or  fully,  double  the  length  of  the  one  preceding. 

/.    Last  segment  of  the  maxillary  palpus  broadly 

flattened VL   Phylix)scirtuk. 

ff,    Jjast   segment  of  the  maxillary  palpus  club- 
shaped  but  not  flattened. 
(I.    Ovipositor  much  compressed,  curved  strongly 

upwards V.    Anaxiphus 

Qfj,    Ovipositor  of  the  normal  form  (cylindrical) 
curved  but  slightly  upwards. 
h.    lUad  as  broad  as,  or  broader,  than  the  pos- 
terior margin  of  pronotum IV.    Nemobius. 

hh.    Head  narrower  than  the  posterior  margin 

of  pronotum VIII.    Apithks. 

Family.    Gkyi.lid.k.— The  Crickets. 

I.    Tkidactylus,  Olivier  (1789.) 
To  this  genus  belong  some  of  the  smallest  of  the  Gryllida',  no  one  of  the 
three  species  found  in  the  United  States  being  more  than  10  mm.,  or  two- 


129 

fifths  of  an  inch,  in  length.  The  generic  name,  Tridactylus,  is  hased  upon 
the  pecaliar  structure  of  the  anterior  tibm  which  are  much  dilated  and 
armf  d  at  the  end  with  three  strong  and  sligh*ly  curved  spurs.  The  outer 
wings,  or  tegmina,  are  horny  and  opuque  and  do  not  reach  the  end  of  the 
abdooien,  while  the  inner  wings  are  longer  and  folded  lengthwise  like  a 
fan.  The  hind  ft*mora  are  enlarged  and  the  insects  are  active  leapers.  But 
one  species  has  as  yet  been  taken  in  Indiana,  though  another  one  doubt- 
less occurs  in  the  northern  half  of  the  state. 

J.    Tridactylus  APicALis,  Say. 

Tridactylus  apicalig.  Say,  Knt.  N.  A.,  (Ed.  LeConte),  II,  21^9. 

Scudder,  Bost.  Jour.  Nat   Hist.,  VII,  1862,  425. 

Packard,  Guide  Stud.  Ins.,  ISaS,  663. 

Riley  Stand.  Nat  Hist.,  II,  1884,  180. 

McNeill,  Psyche,  VI,  1891,  3. 
This  is  the  largest  of  the  three  species  occurring  in  the  V  S.,  its  length 
being  8  or  9  mm.*  The  body  is  deep  black,  the  head  and  thorax  with 
some  white  matkinfts,  and  the  tegmina  with  their  outer  edge  and  a  spot 
behind  the  middle  white.  The  hind  femora  are  whitish,  with  three  faint, 
dark  cross  bars.  The  wings  of  the  male  extend  three  mm.  beyond  the  tip 
of  the  abdomen. 

Apiealis,  is  stated  by  most  of  the  authorities  cited  above,  to  be  a  southern 
species,  but  has  been  taken  as  far  north  as  Quincy,  Illinois.  In  Indiana  it 
has,  so  far  as  known,  been  noted  only  in  Vi^o  county,  n^here  a  few  speci- 
mens were  discovered  along  the  banks  of  a  small  stream  during  the  latter 
part  of  October,  1891.  They  evidently  dwell  ia  little  pits  or  burrows  in 
the  soft  sand  or  mud,  as  numerous  openings  of  such  places  were  found, 
from  one  or  two  of  which  specimens  emerged  and  leaped  into  the  water  on 
which  they  floated  for  an  instant  and  then  sprang  back  onto  the  bank. 
The  most  of  the  inhabitants  of  the  pits  had,  no  doubt,  been  killed  by  the 
frost  before  the  species  was  discovered,  and  another  season  will  have  to 
arrive  before  anything  distinctive  of  their  habits  can  be  learned. 

II.    Gryllotalpa,  LatreiUe  (1807).    The  Mole  Crickets. 
Among  the  Grylli  is  found  in  Indiana  the  burrowing  or  mole  crickets 
rank  first  in  size  and  singularity  of  structure.    When  full  grown  they  meas- 
ure from  an  inch  and  a  fourth  to  an  inch  and  a  half  in  length ;  are  light 
brown  in  color  and  have  the  body  covered  with  very  short  hairs,  giving  to  it 


'^  The  measuri'menUi  in  thisi  paper  are  usually  giveu  lu  millimetres.    An  iuch  is  equal 
to  very  nearly  25  mm. 
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a  soft,  velvety  appearance.  The  females  have  no  visible  ovipositor,  and,  ex- 
ternally, may  be  separated  from  the  males  only  by  the  difference  in  the 
veining  of  the  uppermost  of  the  wing  covers.  By  their  habit  of  burrowing 
beneath  the  soil  in  search  of  such  food  as  the  tender  roots  of  plants,  earth 
worms  and  the  larvae  of  various  insects,  the  anterior  tibia?  of  these  crickets 
have,  in  the  course  of  ages,  become  so  modified  in  structure  as  to  closely 
resemble  the  front  feet  of  the  common  mole,  whence  the  generic  name, 
Gryllotalpay  from  **gryUu»"  a  cricket,  and  ^'Udpa^^^  a  mole.  Moreover,  the 
compound  eyes  have  become  very  much  aborted,  being  not  more  than  one- 
eighth  the  size  of  those  of  the  common  field  cricket,  Gryllus  abbrevicUuSy  Serv., 
and,  as  the  insect  crawls  rather  than  leaps,  the  hind  femora  are  but  little 
enlarged.    Two  species  occur  in  Indiana. 

2,    Gryllotalpa  borealis,  Bnrmeister.    The  Northern  Mole  Cricket. 

GryUotalpa  horealia,  8cudder,  Bost.  Joum.  Nat.  Hist.,  VII,  1862,  426. 

Id.,  Dist.  Ins.  in  N.  H.,  1874,  363,  pi.  A,  fig.  7. 
Id.,  Amer.Nat.,X,l  876, 97,(The  chirp  of  set  to  music) . 
Thomas,  Trans.  111.  St.  Ag.  Soc.,  V,  1865,  44  h 
Glover,  U.  S.  Ag.  Rep.  1874,  143,  fig.  17. 
Packard,  Guide  to  Stu.  Ins.,  1883,  563. 
Fernald,  Orth.  N.  Eng.,  1888,  14,  fig.  6. 
Comstock,  Int.  to  Entom.,  I,  1888,  120,  fig.  121. 
NcNeill,  Psyche,  VI,  1891,  3. 
Fletcher,  Can.  Entom.  XXIV,  1892,  23,  fig.  1. 
Doran,  Can.  Entom.,  XXIV,  270,  (Life  history  of). 

Grijllotalpa  brevipennlSj  Harris,  Ins.  Inj.  to  Veg.,  1862,  149,  fig.  68. 

Ralhvon,  U.  S.  Ag.  Rep.,  1862.  378,  fig.  12. 

The  northern  mole  cricket  may  be  known  by  the  shortness  of  its  outer 
wings  which  are  less  than  half  the  length  of  the  abdomen,  while  the  inner 
wings  extend  only  about  one-sixth  of  an  inch  beyond  them. 

In  the  moist  mud  and  sand  along  the  margins  of  the  smaller  streams  and 
ponds  their  runs  or  burrows,  exactly  like  those  of  a  mole  though  much 
smaller,  can  in  late  summer  and  early  autumn  be  seen  by  those  interested 
enough  to  search  for  them.  These  runs  usually  end  beneath  a  stone  or 
small  stick,  but  the  insects  themselves  are  very  seldom  seen,  as  they  are 
nocturnal,  forming  their  burrows  by  night,  and  scarcely  ever  emerging 
from  beneath  the  ground. 

The  note  of  the  male  is  a  sharp  disyllabic  chirp,  continuously  repeated 
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aud  loud  enough  to  be  heard  several  rods  away.  It  is  usually  attributed, 
by  those  who  have  given  little  attention  to  insect  sounds,  to  the  field  cricket 
or  to  some  of  the  smaller  frogs.  They  are  very  difficult  to  locate  by  this 
note,  and  the  writer  has  on  several  occasions  approached  cautiously,  on 
hands  and  knees,  a  certain  spot  and  has  remained  silent  for  minutes  while 
the  chirping  went  on  apparently  beneath  his  very  eyes ;  yet,  when  the  sup- 
posed exact  position  of  the  chirper  was  determined  and  a  quick  movement 
war?  made  to  unearth  him  he  could  not  be  found.  Indeed  it  is  only  by 
chance,  as  by  the  sudden  turning  over  of  a  log  in  a  soft,  mucky  place,  that 
a  person  can  happen  upon  one  of  them  unawares.  Even  then  (^uick  move- 
ment is  necessary  to  capture  him  before  he  scrambles  into  the  open  mouth 
of  one  of  the  deep  burrows  which  he  has  ever  in  readiness. 

The  eggs  of  the  northern  mole  cricket  are  laid  in  underground  chambers 
in  maflses  of  from  forty  to  sixty,  and  the  young  are  about  three  years  in 
reaching  maturity.  On  this  account,  where  they  exist  in  numbers,  they 
are  very  destructive,  feeding,  as  they  do  during  that  time,  mainly  upon  the 
'tender  roots  of  various  plants.  It  is  therefore  fortunate  that  with  us  the 
species  is  not  more  common  than  it  is.  It  has  been  noted- in  Wabash,  Tip- 
pecanoe, Vigo,  I'utnam  and  Monroe  counties,  and  is  probably  found  through- 
out the  state,  though  nowhere  abundant. 

Average  measurements,  of  twelve  specimens:  Length  of  body,  33,  mm.;  of 
wing  covers,  10  mm.;  of  wings,  14  mm. 

:>.    <jrRYLL(>TALi»A  couMmANA,  Scuddor. — The  Long-winged  Mole  Cricket. 

GryllfjtcUpa  long^ipennis^  Scudder,  Bost.  Jour.,  Nat.  Hist.  VII,  18G2, 42t». 

Packard,  Guide  to  Stud.  Ins.,  1883,  5tJ3. 

Gryllotalpa  cohimbiana,  Fernald,  Orth.  N.  Eng.,  1888,  14. 

McNeill,  Psyche,  VI,  1891,  3. 

This  cricket  was  first  described  by  Mr.  Scudder,  loc.  ct^.,  under  the  speci- 
fic name  of  longipennu  which  he  afterwards  changed  to  Columbia^  the  former 
name  being  pre-occupied  by  an  East  India  species  of  this  genus. 

It  appears  to  be  very  rare  in  Indiana,  a  single  male  specimen  captured  in 
Clinton  county,  being  the  only  one  known  from  the  state.  Packard,  loc. 
«^.,  says  that  it  is  a  southern  species,  but  it  has  since  been  recorded  from 
Illinois,  Iowa  and  Kansas. 

In  size  and  general  appearance  it  closely  resembles  G,  borealis,  but  it  may 
be  known  from  that  species  by  the  much  greater  length  of  the  wings 
which  extend,  in  thi*  specimen  mentioned,  10  mm.  beyond  the  tip  of  the 
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abdomen ;  and  by  the  longer  and  more  slender  teeth  of  the  anterior  tibiH>. 
Nothing  of  its  habits  is  known  to  the  writer,  but  they  are  probably  nearly 
or  quite  the  same  as  those  of  the  preceding  species. 
Length  of  body,  28  mm.;  of  wing  covers,  12  mm.;  of  wings,  24  mm. 

III.    Grylli's,  Linmeus  (1758).    The  Field  and  House  Crickets. 

To  this  genus  belong  those  dark  colored,  thick- bodied  crickets,  mature 
specimens  of  which  are  so  abundant  from  late  summer  till  after  heavy 
frosts,  beneath  logs,  boards,  stones,  and,  especially,  beneath  rails  in  the 
comers  of  the  old-fashioned  and  rapidly  disappearing  Virginia  rail  fences. 
Three  species  of  GryUut  are  known  to  occur  in  the  state. 

4.    Gryllus  ABBREViATrs,  Scrville.    The  Short-winged  Field  Cricket. 

Acheta  ahhreviaUif  Harris,  Ins.  Inj.  Veg.,  1862,  152,  fig.  69  . 

Rathvon,  U.  S.  Aftr.  Rep.,  1862,  380,  fig.  15  . 
Thomas,  Trans.  111.  St.  Ag.  Soc.,  V,  1865,  442. 

Walnh,  Practical  F>ntomol.  gist,  1, 1866,  126, 
Oryllus  abbreviafns  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII,  1862,  427. 

Packard,  Guide  to  Stud.  Ins.,  1883,  564. 

Fernald,  Orth.  N.  Eng.,  1888,  15. 

Comstock.  Intr.  to  Entom  ,  I,  1888,  121,  fig.  108  a. 

McNeill,  Pdyche,  VI,  1891,  5. 
This  is  the  most  common  and  familiar  spt-cies  of  the  genus  occurring 
in  the  state.  The  males  have  the  wing  covers  usually  reaching  to  the 
end  of  the  abdomen,  but  those  of  the  females  are  much  shorten»'d  and 
reach  but  little  beyond  its  middle.  The  wings  are  sometimes  wanting  but 
are  usually  present  and  much  shorter  than  the  wing  covers.  The  oviposi- 
tor is  almost  as  long  as  the  body,  and  the  hind  femora  are  exceedingly 
thick  and  have  a  brick  red  spot  at  the  base  on  the  under  side. 

Each  of  the  authorities  cited  above,  who  says  anything  of  tlie  life  his- 
tory of  this  cricket  states  that  the  eggs  are  laid  in  the  ground  in  autumn 
and  hatch  the  following  summer,  but  the  writer  has,  many  times,  taken  the 
half  grown  young  from  beneath  logs  in  late  autumn  and  in  mid  winter. 
On  such  occasions  they  are  usually  found  in  a  dormant  condition,  each  one 
at  the  bottom  of  a  cone  shaped  cavity  which  it  has  formed  for  itself,  and 
which  is  very  bimilar  to  the  pits  made  in  loose  sand  by  the  larva  of  the 
ant  lion,  Myrmcleon  ohnoletuSf  Say,  Many  specimens  vhich  had  evidently 
moulted  twi-e  were  tak^-n  thus  on  February  8th,  1890,  and  during  the 
three  months  just  passed,  (Oct.,  Nov.,  and  Dec,  1891),  the  young  have 
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been  noted  in  numbers  each  time  the  woods  were  visited,  though  no  ma- 
ture specimens  have  been  seen  since  October  20th.  The  young  seen  in 
winter  are  not  numerous  enough  to  develop  into  the  mature  specimens  of 
the  succeeding  autumn,  and,  in  my  opinion,^^  those  eggs  which  are  laid  in 
early  fall  hatch  and  the  insects  hibernate  in  the  burrows  mentioned  above ; 
while  the  greater  number  of  eggs,  deposited  later,  do  not  hatch  till  the  fol- 
lowing season. 

The  shorts  winged  field  cricket  is  nocturnal,  omnivorous,  and  a  cannibal. 
Avoiding  the  light  of  day,  he  ventures  forth,  as  soon  as  darkness  has  fallen, 
in  search  of  food,  and  all  appears  to  be  fish  which  comes  to  his  net.  Of 
fruit,  vegetables,  grass  and  carrion,  he  seems  equally  fond  and  does  not 
hesitate  to  prey  upon  a  weaker  brother  when  opportunity  ofiers.  I  have 
often  surpiised  them  feasting  on  the  bodies  of  their  companions,  and  of 
about  forty  imprisoned  together  in  a  box,  at  the  end  of  a  week  but  six 
were  living.  The  heads,  wings,  and  legs  of  their  dead  companions  were  all 
that  remained  to  show  that  the  weaker  had  succumbed  to  the  stronger — 
that  the  fittest,  and  in  this  case  the  fattest,  had  survived  in  the  deadly 
struggle  for  exietence. 

Average  measurements :  Females— Length  of  body,  24  mm.;  of  poster- 
ior femora,  15  mm.;  of  wing  covers,  11  mm.;  of  ovipositor,  22  mm.  Male — 
Length  of  body  21  mm.;  of  posterior  femora,  14  mm.;  of  wing  covers, 
11  mm. 

.3.     (Jbyllls  i.KTuosrs,  Serville.    The  Long-winged  Cricket.    The  House 
Cricket. 

Gryllm  hictuosw,  Scndder,  Bost.  Jour.   Nat.  Hist.,  VII,     1862,  427. 

Id.,  Distribt.  of  Ins.  in  N.  Hamp.,  1874,  ms. 

Thomas,  Geol.  Surv.  Terr.,  1871,  433,  pi.  I,  figs.  10, 
11. 

Packard,  Guide  to  Stud.  Ins.,  1883,  o(i4. 

Fernald,  Orth.  N.  K.,  1888,  15. 

('omstock,  Intro,  to  Kut.,  1888,  121. 

McNeill,  Pdyche,  VI,  1891,  4, 
This  is  a  species  of  wide  range,  occurring  throughout  the  entire  United 
States,  but  it  appears  to  be  somewhat  rare  in  Indiana,  having  been  taken 
only  in  Vigo  and  Park^  counties.    From  the  preceding  species,  which  it 

"'Since  verified  by  a  letter  receivcil  from  Dr.  C.  V.  Riley,  in  which  he  states  that  "  the 
periods  are  very  irregulttr  and  the  egg  laying  undoubtedly  continues  for  a  considerable 
space  of  time." 
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almost  equals  in  size,  it  ia  readily  distingulBhed  by  the  shorter  ovipositor 
of  the  female,  and  by  the  greater  length  of  the  inner  wings  which,  in  both 
sexes,  extend  about  7  mm.  beyond  the  tip  of  the  abdomen. 

Mature  specimens  have  been  taken  as  early  as  June  1,  so  that  it,  also, 
must  winter  in  the  larval  state.  It  seems  to  be  more  fond  of  the  society  of 
man  than  any  other  species,  and  is  the  one  which  was  usually  heard  chirp- 
ing about  the  hearths  of  the  large,  old-fashioned  fire-places.  It  is  often 
found  about  houses  and  bams  in  towns  and  cities,  and  a  number  of  speci- 
mens have  been  secured  by  the  writer  from  beneath  electric  lights. 

All  the  measurements  of  both  this  and  G.  ahbrevi<UiL8j  exceed  those  given 
by  Mr.  Scudder,  in  his  paper  in  the  Boston  Journal,  loc.  cit,,  yet,  otherwise, 
Indiana  specimens  fully  agree  with  the  descriptions. 

Measurements:  Male  and  female — ^I^ength  of  body,  21  mm.;  of  posterior 
femora,  13  mm.;  of  ovipositor  of  female,  14  mm. 

6.    (fRYLLi .s  i»ENx.svLVANicrs,  Burmcistcr. 

Gryllus  jyenngylvanictts,  Scudder,  Boat.  Jour.  Nat.  Hist.,  VII,  1862,429. 

Thomas,  Trans.  111.  St.  Hgr.  Soc.,  V,  1865, 443. 

McNeill,  Psyche,  VI,  1891,  4. 

Several  females  of  a  short,  broad-bodied  cricket  have  been  taken  in  Vigo 

county,  which  are  evidently  distinct  from  either  of  the  above  members  of 

this  genus,  and  are  referred  with  some  doubt  to  this  species.    The  wing 

covers  reach  to  the  end  of  the  abdomen  while  the  posterior  femora  and 

ovipositor  are  much  shorter  than  those  of  the  two  preceding  species.    The 

body  in  the  longest  specimen  measured  but  lo  mm.,  and  the  wings  of  all 

were  very  much  abbreviated  or  absent.    They  were  taken  in  September 

\from  beneath  logs. 

Average  measurements:  Length  of  body,  14  mm.;  of  wing  covers,  10 
mm.;  of  posterior  femora,  8  mm.;  of  ovipositor  7  mm. 

IV.    Ne.mohius,  Serville  (1839).    The  Striped  Ground  Crickets. 

Of  all  the  ( iryllidcD  which  occur  in  the  Northern  states,  the  little  brown 
ground  crickets  are  the  most  numerous  and  the  most  social..  Unlike  their 
larger  cousins,  the  field  crickets,  they  do  not  wait  for  darkness  before  seek- 
ing their  food,  but  wherever  the  grass  has  been  cropped  short,  whether 
on  shaded  hillside,  or  in  the  full  glare  of  the  noonday  sun  along  the  beaten 
roadway,  mature  specimens  may  be  seen  by  hundreds  during  the  days  of 
early  autumn.  They  are  all  of  small  size,  being  never  more  than  half  an 
inch  in  length.    The  color  is  a  dark  brown,  and  the  bodies  and  legs  are 


sparsely  clothed  witli  brown  hairs.  The  head  is  broad,  the  ovipositor  of 
normal  shape,  and  the  last  segment  of  the  maxillary  palpus  is  twice  the 
length  of  the  one  preceding  it,  whereas  in  the  species  of  Gryllus  the  two 
segments  are  of  equal  length.  Three  species  of  Xemobius  occur  in  Indi- 
ana. 

7.     Xemobius  mttatis,  Harris.    The  Wingless  Striped  Cricket. 

Acheta  viUata,  Harris,  Ins.  luj.  to  Veg.,  1862, 152,  fig.  70. 
Rathvon,  U.  S.  Agr.  Rep.,  1802,  380,  fig.  Ki. 

Nemobius  viUaius^  Scudder,  Bost  Jour.  Nat  Hist.,  VII,  1862,  430. 

Id.  Dist.  of  Ins.  N.  H.,  1874, 864,  (Chirp  set  to  music). 

Thomas,  Trans.  Ill,  St.  Ag.  Soc.,  V,  1865,  443. 

Scudder,  Am.  Naturalist,  II,  18(>8, 115,  (Song  of). 

Packard,  Guide  Stud.  Ins.,  18a^>,  564. 

Femald,  Orth.  N.  Eng.,  1888,  16. 

Comstock,  Int.  to  Knt.,  I,  1888, 121. 
In  both  sexes  of  this,  our  most  abundant  species,  the  inner  wings  are 
wholly  wanting.  In  the  female  the  wing  covers  are  dark  brown,  about  half 
the  length  of  the  abdomen,  and  have  many  rather  coarse,  whitish,  parallel 
veins ;  whereas  in  the  male  they  are  light  brown,  reach  to  the  end  of  the 
abdomen  and  have  but  few  reticulated  veins.  There  are  usually  three  nar- 
row, blackish  lines  on  top  of  the  head  and  one  along  each  side  of  the  pro- 
thorax,  but  all  of  these  are  sometimes  very  dim  or  wholly  wanting. 

These  small  crickets  are  omnivorous,  feeding  upon  all  kinds  of  decaying 
animal  matter  as  well  as  upon  living  vegetation,  freshly  dropped  cow  dung 
being  also  especially  attractive  to  them.  When  disturbed  they  are  very  diffi- 
cult to  capture,  making  enormous  leaps  with  their  stout  hind  legs,  no  sooner 
striking  the  ground  than  they  are  up  again,  even  if  not  pursued,  until  they 
find  a  leaf  or  other  shelter  beneath  which  to  take  refuge. 

From  their  enormous  numbers,  as  well  as  from  the  fact  that  they  are  con- 
stant, greedy  feeders  from  the  time  the  eggs  hatch  in  spring  until  laid  low 
by  the  hoar  frost  of  autumn,  it  follows  that  they  must  be  classed  among  our 
most  injurious  orthoptera,  but  as  yet  no  effective  means  for  their  destruc- 
tion have  been  discovered. 

Mr.  S.  H.  Scudder,  in  an  article  entitled  the  "^>ongs  of  the  GrasahopperH,'' 
has  given  the  following  pleasing  account  of  the  sounds  made  by  this  species : 
'The  chirping  of  the  striped  cricket  is  very  similar  to  that  of  the  black  field 
cricket ;  and  may  be  expressed  by  r-r-r-u,  pronounced  as  though  it  were  a 
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French  word.  The  note  is  trilled  forcibly,  and  lasts  a  variable  length  of  time. 
One  of  these  injects  was  once  observed  while  singing  to  its  mate.  At  first 
the  song  was  mild  and  fre(iuently  broken ;  afterwards  it  grew  impetuous, 
forcible  and  more  prolonged ;  then  it  decreased  in  volume  and  extent  until 
it  became  quite  soft  and  feeble.  At  this  point  the  male  began  to  approach 
the  female,  uttering  a  series  of  twittering  chirps ;  the  female  ran  away,  and 
the  male,  after  a  short  chase,  returned  to  his  old  haunt,  singing  with  the 
same  vigor  but  with  more  frequent  pauses.  At  length  finding  all  persuas- 
ions unavailing,  he  brought  his  serenade  to  a  close." 

Average  measurements:  Length  of  body  of  male,  9  mm.;  of  female,  12 
mm. ;  of  hind  femora,  9  mm. ;  of  ovipositor,  9  mm. 

8.  Nrmobivs  exiguus,  Scudder.    The  Lesser  Striped  Ground  Cricket. 

Nemobim  exigum,  Scudder,  Boston  Jour.  Nat.  Hist.,  VII,  1862,  421», 

(Not  Acheta  exigxia^  Say.). 

Nemohiu8  fa»ciai\(;i  exiguuSf  Femald,  Orth.  N.  Eng.,  1888,  IB. 

Also  a  very  common  species  and  found  in  company  with  the  preceding, 
the  habits  of  the  two  being  essentially  the  same.  From  vittatui  it  may  be 
known  by  its  much  smaller  size,  lighter  color,  and  by  the  last  two  segments 
of  the  maxillary  palpus  being  white.  Moreover  the  ovipositor  is  much 
shorter,  being  only  one-half  to  two-thirds  the  length  of  the  hind  femur, 
whereas  in  viUatuB  it  is  fully  as  long  as  that  segment.  A  careful  examina- 
tion of  a  large  number  of  specimens  leads  me  to  believe  that  these  differ- 
ences are  constant,  with  no  intermediate  forms,  hence  the  two  Bi>ecies 
should  be  separated. 

Length  of  body,  male,  7  mm. ;  of  female,  8  mm. ;  of  hind  femora,  6  mm. ; 
of  ovipositor,  3  to  4  mm. 

9.  Nrmobiuh  FAsriATus,  DeGeer.    The  Ix)ng- winged  Striped  Cricket. 

Nemobivs  fcucialuSt  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII,  1862,  436. 

Femald,  Orth.  N.  Eng.,  1888, 16. 
McNeill,  Psyche,  VI,  1891,  6. 
This  species  has  not  been  seen  by  the  writer  within  the  boundaries  of  the 
state ;  but  Scudder,  Zoc.  a7.,  says  that  it  has  been  taken  at  Delphi,  Indiana. 
From  the  two  preceding  species  it  may  be  known  by  the  presence  of  the 
inner  wings,  which  extend  beyond  the  end  of  the  ovipositor.  McNeil,  he. 
cit.,  records  it  as  being  common  about  the  electric  lights  at  Kock  Island,  Illi- 
nois. 
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V.     Anaxiphi.s,  Saufisure  (1874). 
Our  native  species  of  this  j2;enus  are  very  small  crickets  resembling  those 
of  Nemoblus  in  form  of  body,  breadth  of  head,  etc. ;  bat  having  the  ovipos- 
itor very  much  compressed  and  carved  strongly  upwards  as  in  many  of  the 
common  species  of  Locustidx  or  katydids. 

1(>'    AxA-xiFHis  puLicARVs,  Saossure. 

Anaxipha  pulicaria^  McNeill,  Psyche  VI,  1891,  (>. 

Head  and  pronotum  brick  red  in  color,  sparsely  clothed  with  long  hairs ; 
wing  covers  and  legs  very  light  brown ;  abdomen  and  ovipositor  darker. 
Both  sexes  are  wingless,  but  the  wing  covers  of  the  male  are  well  devel- 
oped, fully  covering  the  abdomen,  while  those  of  the  female  reach  but 
little  beyond  its  middle.  The  cerci  are  exceedingly  long,  tapering,  and 
covered  with  fine  yellow  hairs.  The  hind  femora  of  the  males  are  propor- 
tionally much  longer  than  those  of  the  females  as  will  be  seen  by  the  fol- 
lowing measurements : 

Length  of  body — male,  (>.  5  mm.,  fen^ale,  8  mm.;  length  of  posterior  fe- 
mora— male,  0.5  mm.,  female,  6  mm.;  length  of  ovipositor,  3.5  mm.;  of  an- 
tennse  of  male,  32  mm. 

This  handsome  little  cricket  was  first  taken  in  the  state  on  Aug.  26, 
1891,  at  Kewanna,  Fulton  county,  where  it  occurred  in  small  numbers 
among  the  sphagnum  mosses  growing  in  a  tamarack  swamp.  On  Sept.  G, 
it  was  found  in  Vigo  county,  l'i>  miles  farther  south,  about  the  borders  of 
a  large  pond.  Here  it  was  abundant  in  isolated  spots  on  the  leaves  and 
stems  of  the  arrow  alum,  Peltandra  undidaUi,  Raf.  It  \b  very  active  and 
difficult  to  capture,  and,  on  account  of  its  small  size,  is  doubtless  over- 
looked in  many  localities  where  it  occurs  in  abundance.  It  is  not  described 
in  any  of  the  works  to  which  I  had  access,  and  specimens  were  sent  to 
Prof.  I^wrence  Bruner,  Lincoln,  Neb.,  who  kindly  identified  them  for  me. 

VI.  PnYLLOsciRTrs,  Gueiiu.  (lvS46). 
The  members  of  this  genus  are  small  crickets  which  have  the  head 
broader  than  the  prothorax.  They  may  be  readily  known  from  all  other 
<Tryllids  by  having  the  apical  joint  of  the  maxillary  palpus  flattened,  oval, 
and  much  longer  than  the  preceding  joint  which  is  triangular.  The  ovi- 
positor is  somewhat  compressed  and  curved  upwards. 
11.     PiiYLLost  iHTi's  iTLCHEi.M's,  T^hlcr.    The  Handsome  Cricket. 

Phyllopaljms  jmlchellus,  Thler,  Proc.  Kut.  Soc.  Phil.,  II,  1804,  544. 
PhylloBcirtus  p'ilchemis,  Uiley,  Stand.  Nat.  Hist.,  II,  ias4,  183. 

McNeill,  Psyche,  VI,  1891,  (>. 
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This  is  the  only  species  of  the  genus  known  to  occur  in  the  eastern 
United  States,  and  is  the  most  brightly  colored  of  all  our  native  crickets. 
In  the  living  specimen  the  head  and  thorax  are  crimson,  the  wing  covers  a 
shining  pitch  black,  while  the  thick  hind  femora  are  almost  transparent  but 
become  white  in  alcohol.  The  wing  covers  reach  the  end  of  the  abdomen, 
and  the  wings  are  almost  as  long.  A  single  female  specimen  was  taken  on 
September  6th,  from  a  leaf  of  the  button  bush,  CephalarUhiAi  occidenialis,  L., 
near  the  border  of  a  large  pond  in  Vigo  county.  When  discovered  it  was 
motionless,  but  was  vibrating  its  large  maxillary  palpi  in  a  very  rapid  and 
curious  manner.  It  is  a  southern  species  but  has  been  recorded  from  New 
York  and  Illinoin,  and  probably  occurs  in  low  wet  woods  throughout  the 
southern  half  of  this  state.  According  to  IJhler,  it  is  found  most  frequent- 
ly ''  amongst  the  grass  and  low  bushes  near  ditches  where  it  jumps  about 
with  great  rapidity.'* 

Measurements:  Length  of  body,  8.5  mm.;  of  ovipositor,  .'^.5  mm.;  of  pos- 
terior femora,  H  mm.;  of  antennae,  18  mm. 

VII.    Orocharis,  rhler  (1864). 

The  members  of  this  genus  have  the  head  slightly  narrower  than  the 
base  of  the  pronotum;  the  maxillary  palpi  with  the  third  segment  longest, 
cylindrical ;  the  apical  one  a  little  longer  than  the  one  preceding,  enlarged 
gradually  from  the  base,  obliquely  truncate.  Both  wing  covers  and  wings 
are  longer  than  the  abdomen.  The  posterior  femora  are  less  thickened 
and  the  body  less  robust,  longer,  and  Hatter,  than  in  the  preceding  or  the 
following  genus. 

1  '2.    Oroch A  K18  s*A LTATOR,  Uhler. 

Orocharis  wltator,  Uhler,  Proc.  Ent.  Sec.  Phil.,  II.,  1864,  THo. 

Riley,  Stand.  Nat.  Hist.,  II,  1884,  182. 

ApUhes  McNeilliy  Blatchley,  Canadian  Entomologist,  XXIV,  181)2,  27. 
iTeneral  color,  after  immersion  in  alcohol,  dull  brownish  yellow,  the 
male  the  lighter.  A  dark  brown  stripe  reaches  from  the  eye  along  the  side 
of  head  and  prothorax  to  posterior  border  of  pronotum.  The  wing  covers 
each  with  a  small  brown  spot  at  base ;  those  of  the  female  with  many  cross 
veinlets  which  are  darker  than  those  running  lengthwise,  giving  the  dor- 
sal field  a  checkered  appearance.  In  the  male  the  vein  separating  the  dor- 
Hal  field  of  the  wing  cover  from  the  lateral  is  yellow ;  in  the  female  the 
yellow  is  broken  by  a  number  of  oblong  dark  spots.  All  the  femora  are 
rather  thickly  marked  with  small,  dark  spots;  those  on  the  posterior  pair 


being  arranged  in  regular  rows.  The  wings  extend  2.5  mm.  beyond  the 
tip  of  wing  covers.  Measurements:  Female,  length  of  body,  16  mm.;  of 
wing  covers,  14.5  mm. ;  of  posterior  femora,  1>  mm.;  of  ovipositor,  12  mm. 
Male,  length  of  body,  14  mm.;  of  wing  covers,  12.5  mm.;  of  posterior  fe- 
mora 7.5  mm. 

A  single  pair  have  been  taken  in  Vigo  county.  The  female  was  secured 
Oct  21,  1891,  from  the  lower  leaves  of  a  golden  rod,  Solidago  latifcliay  L., 
which  grew  in  a  thick,  upland  woods.  The  male  waa  taken  just  a  year 
later  from  the  under  surface  of  a  leaf  of  prickly  ash,  XarMxoxylum  ameri- 
ianunij  Mill.  It  flew  from  one  leaf  to  another  and,  before  its  capture,  was 
thought  to  be  a  species  of  BlaUidsSf  so  fiat  did  its  body  appear. 

Not  having  Mr.  Uhler*s  paper  when  the  female  was  taken  it  waa  sent  to 
Mr.  S.  H.  Scudder,  of  Cambridge,  Mass.,  for  identification.  He  returned  it 
with  the  statement  that  it  was,  in  his  opinion,  "  an  undescribed  species  of 
Apithe$f  allied  to  A,  azieca,  Sauss,  and  very  different  from  A.  qiiadrala,  Scud- 
der." On  the  strength  of  his  statement,  and  prematurely  on  my  part,  it 
was  described  as  new  in  the  Canadian  Entomologist,  loc.  cit.  Having  since 
secured  Mr.  Uhler's  paper  diagnosing  the  two  genera,  ApiiJies  and;  OrocAaru, 
a  careful  comparison  with  the  descriptions  therein  proves  it  to  belong  to 
the  latter  genus ;  and,  although  differing  somewhat  in  the  details  of  color 
and  measurement  from  Uhler*s  description  of  Mltator;  yet  the  differences 
are  not  sufficient,  in  my  opinion,  to  make  of  it  a  distinct  species.  It  has 
heretofore,  been  recorded,  as  far  as  I  can  ascertain,  only  from  the  south- 
eastern United  States. 

VIII.    AiMTHt»-  (Hai'ituvs),  Uhler  (18<)4). 

Thick  bodied  crickets  resembling  in  general  form  the  members  of  the 
genus  Oryllvs  but  having  the  head  narrower  than  the  posterior  margin  of 
the  pronotum.  The  maxillary  palpi  with  the  apical  segment  as  long  as  the 
2d  and  3d  together.  The  wing  covers  do  not  reach  the  base  of  the  abdo- 
men and  the  wings  are  much  shorter. 
l:>.    Apitiies  agitator,  Uhler. 

Hapiihus  agitator,  Uhler,  Proc.  Ent.  Soc.  Phil.,  II,  1H()4,  .■>46. 

Riley,  Stand.  Nat.  Hist.,  II,  1884,  183,  fig.  258. 

A  short,  heavy-bodied  cricket;  dull  reddish  brown  in  color,  with  the 
vein,  separating  the  dorsal  field  of  the  wing  cover  from  the  lateral,  a  yel- 
lowish white.  The  top  of  head  and  pronotum,  and  the  surface  of  all  the 
femora  densely  covered  with  brownish- yellow  hairs.  Measurements:  Fe- 
male, length  of  body,  11  mm.;  of  wing  covers,  7.5  mm.;  of  posterior  femo- 
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ra,  9  mm.;  of  ovipositor,  H  mm.  Male,  length  of  body,  10  mm.;  of  poste- 
rior femora,  8  mm. 

A  large  number  of  specimens  of  this  cricket  were  taken  in  two  localities 
in  Vigo  county,  Indiana,  during  the  last  half  of  September.  The  first  ones 
discovered  were  on  the  slender  twigs  .of  some  prickly  ash  shrubs  which 
grew  in  a  damp  upland  woods.  The  place  was  visited  a  number  of  times 
and  the  crickets  were  always  found,  perfectly  motionless,  !ind  immediately 
above  or  below  one  of  the  thorns  or  prickles  jutting  forth  from  the  twigs. 
The  tips  of  the  hind  femora  were  raised  so  as  to  project  above  the  body 
thus  causing  them  to  resemble  the  thorns ;  and  the  color  of  the  insects  cor- 
responding closely  to  that  of  the  bark,  made  them  very  difficult  to  discover 
even  when  in  especial  search  of  them.  On  ever}'  clump  of  prickly  ash  in 
the  woods  mentioned  a  number  of  specimens  were  secured  but  they  could 
be  found  no  where  else  thereabouts.  The  second  locality  where  they  were 
discovered  was  about  the  roots  of  a  scarlet  oak,  Qiiercus  coccinea^  Wang, 
which  grew  on  a  sandy  hillside.  Here  they  were  plentiful,  and  resting 
motionless  in  the  depressions  of  the  bark  or  beneath  the  leaves  in  the  cavi- 
ties formed  by  the  roots  of  the  tree. 

Of  all  the  males  taken,  over  thirty  in  number,  there  was  not  one  with 
perfect  wing  covers,  and,  in  almost  every  instance,  the  wing  covers  as  well 
as  the  rudimentary  wings  were  wholly  absent;  white  every  female  had 
both  pairs  unharmed.  I  at  first  ascribed  this  wing  mutilation  to  the  males 
fighting  among  themselves,  but  finally  discovered  a  female  in  the  act  of 
devouring  the  wings  of  a  male.  Why  this  curious  habit  on  the  part  of  the 
one  sex  ?  Possibly  the  females  require  a  wing  diet  to  requite  them  for 
their  bestowed  afiections,  or,  perchance,  they  are  a  jealous  set,  and,  having 
once  gained  the  afiections  of  a  male,  devour  his  wing  covers  to  keep  him 
from  calling  other  females  .about  him.     Quien  sabe  f 

Agitator  is  said  to  be  common  in  the  middle  and  southeastern  states.  The 
eggs  of  the  female  are  there  deposited  in  twigs  of  the  white  elm,  Ulmus 
Americana,  L.,  and  the  insects  are  very  active  at  night,  running  and  jump- 
ing about  on  the  trunks  of  various  trees. 

IX.    ( 1\( ' A N TH \js,  Serville  ( 1 8:U ) . 

From  the  other  (Injllidx  of  the  state  the  members  of  this  genus  may  be 
known  by  their  slender  hind  femora,  their  narrow,  elongated  prothorax,  and 
their  whitish  or  greenish- white  color.  The  wing  covers  of  the  females 
are  wrapped  closely  about  the  body,  while  those  of  the  male  are  much 


141 

firmer  in  texture,  broadly  spread  out,  and  very  transparent ;  causing  such 
a  difference  of  appearaoce  between  the  two  sexes  that  tyro  collectors  often 
take  them  for  widely  different  iusects.  Three  npecies  have,  so  far,  been 
collected  In  the  state,  and  two  others  very  likely  occur,  but  have  not  yet 
been  taken. 

14.    (EcANTHcs  NivEUfs,  DeGcer.    The  White  Climbing  Cricket. 

(IjcarUhus  nivtnSj  Harris,  Ins.  Inj.  Veg.,  1.S62,  153,  figs.  71,  72,  (In  part). 

Fitch,  Third  Rep.  Nox.  Ins.,  N.  Y.,  ia'>(i,  86. 

Scudder,  Bost.  Journ.  Nat.  Hist.,  VII,  1862,  431. 

Rathvon.  U.  S.  Agr.  Rep.,  1862,  381,  figs.  17,  18. 

Thomas,  Trans.  111.  St.  Ag.  Soc,  V,  1865,  444. 

Walsh,  Prac.  Entom.,  I,  1866,  126;  II,  1867,  54,  94. 

Scudder,  Dist.  Ins.  in  N.  H.,  1874,  365,  (Note  of,  set  to 
music). 

Glover,  U.  S.  Ag.  Rep.,  1874,143,  fig.  16. 

Packard,  Guide  Stud.  Ins.,  188.S,  564,  figs.  561,  562. 

Id.,  Rep  U.  S.  Eat.  Conn.,  V,  1890,  230, 591,  figs.  75, 76. 

Femald,  Orth.  N.  Eng.,  1888,  17,  figs.  7,  8,  9. 

Comstock,  Intr.  Ent.,  I,  1888,  122,  figs.  109,  110. 

Murtfeldt,  Instct  Life,  II,  1889, 130,  (Carnivorous  hab- 
its of). 

McNeill,  Psyche,  VI,  1891,  6. 
Both  sexes  of  this  species  are  in  color  ivory  white,  more  or  less  tinged 
with  a  delicate  green,  especially  in  the  female.  The  top  of  head  and  basal 
joint  of  antennae  are  usually  suffused  with  ochre  yellow,  while  on  the  lower 
face  of  each  of  the  two  basal  joints  of  the  antenna;  is  a  small  black  spot. 
The  ovipositor  of  the  female  is  bhort,  perfectly  straight  and  usually  tipped 
with  black.  The  maxillary  palpi  are  longer  in  this  than  in  any  other  spe- 
cies of  the  genus  and  the  wing  covers  of  the  male  are  broader  in  proportion 
to  their  length  than  in  any  other  except  0.  latipennis^  Riley. 

Measurements :  Male,  length  of  body,  13  mm. ;  of  wing  f'overs,  13.5  mm. ; 
width  of  wing  covers,  6.5  mm.  Female,  length  of  body,  14.5  mm. ;  of  wing 
covers,  14  mm. ;  of  ovipositor,  5.5  mm. 

The  white  climbing  cricket  its  very  common  throughout  the  state,  and 
mature  specimens  are  to  be  found  in  numbers  ab<  ut  grape  vines,  shrubbery, 
etc.,  from  August  Ist  till  November.  In  my  experience  the  females  appear 
more  plentiful  than  the  males,  the  latter  being  more  often  heard  than  seen. 


142 

Daring  the  day  they  keep  themselves  hidden  among  the  foliage  and  flow- 
ers of  varioas  plants,  hut  as  night  approaches  they  come  forth  and  the  male 
begins  his  incessant,  shrill,  chirping  note,  which  he  continues  with  little  or 
no  intermission  till  the  approach  of  morning  warns  him  to  desist.  Prof. 
McNeill,  in  Psyche,  loc,  dt.y  has  given  an  excellent  description  of  the  songs 
of  the  different  species  of  Oecanthus.  '*That  of  niveus,^'  he  says,  "is  the  well 
known  t-r-r — r-ee:  t-r-r — r-6-e,  repeated  without  pause  or  variation  about 
seventy  times  in  a  minate.  It  is  heard  only  at  night  and  occasionally  on 
cloudy  days,  but  in  the  latter  case  it  is  only  an  isolated  song,  and  never  the 
full  chorus  of  the  night-song  produced  by  many  wings  whose  vibrations  in 
exact  unison  produces  that  characteristic  'rhythmic  beat,'  as  Burroughs 
has  happily  phrased  it." 

The  females  of  nivevs  do  much  harm  by  ovipositing  in  the  tender  canes  or 
shoots  of  various  plants,  as  the  raspberry,  grape,  plum,  peach,  etc. ;  no  less 
than  321  eggs,  by  actual  count,  having  been  found  in  a  raspberry  cane  22 
inches  in  length.  The  eggs  are  laid  in  autumn  and  at  first  the  injury  is 
shown  only  by  a  slight  roughness  of  the  bark,  but  afterwards  the  cane  or 
branch  frequently  dies  above  the  puncture,  or  is  so  much  injured  as  to  be 
broken  off  by  the  first  high  wind.  If  the  injured  and  broken  canes  con- 
taining the  eggs  be  collected  and  burned  in  early  spring  the  number  of  in- 
sects for  that  season  will  be  materially  lessened. 

Niv€U8f  however,  in  part  if  not  wholly,  offsets  this  injurious  habit  by  its 
carnivorous  propensities,  as  the  young,  which  are  hatched  in  June,  feed 
for  some  time  upon  the  various  species  of  aphides  or  plant  lice  which  infest 
the  shrubbery  they  frequent.  Mr.  B.  D.  Walsh,  in  the  Practical  Entomolo- 
gist, loc,  cit,f  was  the  first  entomologist  to  call  attention  to  this  carnivorous 
habit,  but  it  seems  little  attention  was  given  to  the  matter.  Recently, 
however,  it  has  come  up  again,  and  in  Insect  Life,  for  November,  1891,  Miss 
Mary  E.  Murtfeldt,  of  St.  Louis,  Mo.,  has  given  a  most  interesting  account 
of  some  experiments  and  observations  concerning  it  which  were  made  by 
her.  From  this  article  the  following  extract  is  taken:  "Some  leaves  of 
plum  infested  with  a  delicate  species  of  yellow  aphis  were  put  into  a  jar 
with  the  young  of  Oecanthus  niveiLSj  but  attracted  no  immediate  attention.  As 
twilight  deepened,  however,  the  crickets  awakened  to  greater  activity.  By 
holding  the  jar  against  the  light  of  the  window,  or  bringing  it  suddenly 
into  the  lamp  light,  the  little  nocturnal  hunters  might  be  seen  hurrying 
with  a  furtive,  darting  movement  over  the  leaves  and  stems,  the  head 
bent  down,  the  antennse  stretched  forward,  and  every  sense  apparently 
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on  the  alert.  Then  the  aphides  provided  for  their  food  would  be  caught 
up  one  after  another  with  eagerness  and  devoured  with  violent  action  of 
the  mouth  parts,  the  antennae  meanwhile  playing  up  and  down  in  evident 
expression  of  satisfaction.  Unless  T  had  provided  ver}'  liberally  not  an 
aphia  would  be  found  in  the  jar  the  next  morning  and  the  sluggish  crickets 
would  have  every  appearance  of  plethora.'' 

15.    (FicANTHrs  FAsciATis,  Fitch.    The  Striped  Tree  Cricket. 

(Kcantkiu  fanciatus.  Fitch,  Third  Rep.  Nox.  Ins.,  N.  Y.,  185*),  W. 

McNeill,  Psyche,  VI,  1891,  6. 
(Ecanthus  niveus^  Harris,  Ins.  Inj.  to  Veg.,  1862, 154,  (In  part). 

Kathvon,  U.  8.  Ag.  Rep.,  1«<)2,  381. 
In  its  general  form  this  insect  resembles  the  preceding,  but  it  is  always 
darker  in  color,  varying  from  a  deep  black  to  ivory  white  with  fuscous 
markings.  Host  specimens,  however,  are  greenish  white  with  three  black 
stripes  on  the  head  and  pronotum  and  a  broad  dusky  line  along  the  center 
of  the  abdomen  beneath.  The  wing  covers  of  the  male  are  less  broad  in 
proportion  to  their  length  than  in  nivtus ;  while  the  ovipositor  is  longer 
and  more  distinctly  turned  upwards  at  the  end  than  in  that  species. 

Measurements:  Male— length  of  body,  14  mm.;  of  wing  covers,  ll.o 
mm.;  width  of  wing  covers,  o.o  mm.  Female — Length  of  ovipositor,  <)..'> 
mm. 

In  Indiana  this  species  is  fully  as  common  if  not  more  so  than  0.  niveun'. 
It  is  more  frequently  found  on  wild  plants  than  thlit  species,  being,  in  au- 
tumn, an  abundant  visitor  of  sun-  flowers  and  golden  rods.  Mature  speci- 
mens were  taken  in  Putnam  county,  as  early  as  August  9th. 

Hi.    <h>:ANTnrs  ANiasTiPEXNis,  Fitch.    The  Narrow- winged  Tree  Cricket. 

CEcanihnu  angustipennUf  Fitch,  Third  Rep.  Nox.  Ins.,  N.  Y.,  185(),  95. 

McNeill,  Psyche,  VI,  1891,  8. 

This  species  is  readily  distinguished  by  the  narrowness  of  the  wing  cov- 
ers of  the  male,  their  breadth  being  just  about  one  third  their  length.  The 
wings  are  longer  than  in  either  of  the  two  preceding,  extending  in  one 
specimen  at  hand,  9  mm.  beyond  the  wing  covers.  The  head  and  protho- 
rax  are  less  prominent,  and  the  latter  is  much  narrowed  anteriorly.  The 
general  color  is  an  ivory  white,  rather  deeply  tinged  with  greenish. 

Measurements:  Male— length  of  body,  13  mm.;  of  wing  covers,  11.5  mm. 
width  of  wing  covers,  4  mm. 

Angiutipennis  probably  occurs  in  all  parts  of  the  state  but  is  much  less 
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common  than  either  niveus  or  fasciatxis,    A  f hlly  developed  male  was  taken 
from  a  leaf  of  an  iron  weed,  Vemonia  fascicuUUa  Michx.,  on  Angost  11th. 

ft    ■«• 

This  completes  the  list  of  Gryllidx  so  far  known  to  have  been  taken  in 
the  state.  Other  species  undoubtedly  occur,  and  it  was  a  desire  to  awaken 
an  inten  st  in  the  family  and  so  lead,  if  possible,  to  their  discovery,  which, 
in  the  main,  prompted  the  preparation  of  the  present  paper. 

The  species  most  likely  to  occur,  but  which  have  not,  as  yet,  been  noted 
are:  Tridactylus  terminaliay  Uhler;  Tridactyhis  miniUuSf  Scudder;  (Ecan- 
thuB  latipennis,  Riley;  CEcanthus  hipunclatu8f  DeGeer,  and  one  or  two  species 
of  Myrmecophilaf  which  are  the  smallest  crickets  known.  They  resemble 
closely  the  young  of  cockroaches  and  inhabit  the  nests  of  ants.  The  writer 
will  be  pleased  to  receive  specimens  of  Oryllidm  and  other  OrihopUra  from 
any  part  of  the  state,  and  will  return  the  names  of  those  sent  to  all  who 
may  so  desire. 

* 

Biological  Laboratory, 

Terre  Haute,  High  School. 


Entomologizing  in  Mexk  o.    By  W.  S.  Blatciilky. 


The  outux>k  in  the  warfare  against  infection.     By  Theodoke  Potteh. 


Our  present  knowledge  concerning  the  green  triton,  diemyctylus  viki- 
DESCKX8.  B>  O.  p.  Hay. 
The  green  triton,  or  newt,  Diemyctylus  viridescenSf  has  been  before  this 
academy  for  discussion  at  a  previous  meeting.  Since  that  time  there  have 
been  some  accensioos  to  our  knowledge  regarding  it.  This  pretty  and  harm- 
less newt  probably  inhabits  all  parts  of  the  state,  but  I  have  not  found  it 
abundant  anywhere,  though  no  doubt  it  is  plentiful  in  suitable  localities. 


It  18  quite  common  in  the  Elastem  States,  and  haa  been  studied  a  good  deal 
by  the  naturalists  there,  to  whom  it  has  presented  some  interesting  prob- 
lems. It  is  interesting  because  of  its  poeition  near  the  top  of  the  order  TJro- 
lela.  Salamandrina  perspiciUatay  of  Europe,  is  very  closely  related  to  it ;  but 
since  the  digits  of  the  hinder  foot  of  that  species  are  reduced  to  four,  it 
must  be  regarded  as  standing  higher  than  ours,  which  has  five  digits. 

The  newt  ha?  given  the  systematists  a  good  deal  of  trouble,  a  fact  result- 
ing, as  in  so  many  other  cases,  from  a  lack  of  knowledge  regarding  its  life- 
history.  Formerly  there  were  believed  to  be  two  entirely  distinct  species, 
the  one  living  on  the  land  and  being  of  a  red  color,  the  other  living  entirely 
in  the  water  and  being  of  a  general  greenish  color.  Kafines(jue,  who  first 
described  these  animals,  placed  the  two  forms  under  different  subgenera. 
Baird  saw  that  they  must  be  included  under  the  same  genus,  but  regarded 
them  aa  distinct  species.  Dr.  Hallowell  seems  to  have  been  the  first  to  re- 
gard them  as  belonging  to  the  same  species.  For  a  long  time,  in  fact  until 
very  recently,  they  have  been  regarded  as  being  varieties  of  the  same  spe- 
cies. A  few  observers  have,  wilhin  a  few  years,  claimed  to  have  seen  the 
red  land  form  transform  into  the  aquatic  stage,  and  some  have  thought  that 
they  saw  indications  of  a  change  of  the  aquatic  animal  into  the  terrestrial 
form.  Hence,  it  was  supposed  that  the  difierences  were  due  to  seasonal 
changes.  It  was  supposed  that  the  animal  went  into  the  water  to  deposit 
its  eggs,  took  on  the  characters  peculiar  to  that  state,  and  afterwards,  when 
the  breeding  season  wan  over,  again  sought  the  land  and  became  red  again. 

At  the  1891  meeting  of  the  American  Association  for  the  Advancement  of 
Science,  at  Waabington,  Prof.  Gage,  of  Cornell  University,  read  a  paper 
which  gave  the  results  of  his  studies  on  this  animal  for  some  years.  His  con- 
clusions, in  brief,  are  that  all  the  modifications  that  the  animal  undergoes 
belong  simply  to  different  stages  in  the  development  of  one  and  the  same 
individual.  The  eggs  are  laid  in  the  water  and  hatched  in  due  time.  For 
some  time  the  young  have  gills,  like  any  other  well  regulated  Urodele. 
When  a  length  of  about  an  inch  and  a  half  has  been  attained,  they  leave 
the  water,  having  lost  their  gills,  and  betake  themselves  to  the  land.  They 
then  assume  a  red  color,  varying  from  orange  to  blood  red,  the  tail  becomes 
round  and  the  skin  usually  rough.  Here  they  appear  to  remain  until  they 
are  about  three  years  oM,  hiding  under  rocks  and  logs,  and  appearing  after 
rains.  When  the  season  of  sexual  maturity  arrives,  they  go  again  into  the 
water,  and,  according  to  (rage's  opinion,  remain  there  the  remainder  of 
their  lives,  unless  the  pools  dry  up  or  food  becomes  scarce.    Prof.  Gage's 
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paper  has  appeared  in  the  American  Naturalist  for  December,  1S91,  illus- 
trated with  a  colored  plate. 

During  the  past  summer,  before  T  knew  of  Prof.  Gage*s  work  on  the  newt» 
I  attempted  to  solve  the  question  about  the  two  forms  of  the  auimal  by  a 
study  of  the  specimens  in  the  National  Museum,  about  two  hundred  and 
fifty  in  number,  and  from  all  parts  of  the  country.  I  reasoned  that  if  there 
were  two  varieties  of  the  animal  we  ought  in  a  large  collection  to  find 
them  both  in  all  stages  of  growth ;  if  the  red  form  was  only  the  young  stage 
of  the  animal  then  the  green  aquatic  specimens  ought  to  be  all  larger  than 
the  red  ones.  One  of  the  first  things  that  I  discovered  was  that  there 
was  not  a  single  character  on  which  I  could  depend  as  a  means  of  distin> 
guishing  the  two  forms.  Neither  redness,  nor  roughness,  nor  lack  of  tail- 
fin,  belonged  to  the  land  form  alone.  Of  some  it  seemed  to  be  impossible 
to  say  with  any  certainty  to  which  form  they  ought  to  be  assigned. 

Nevertheless  it  was  apparent  that  the  red  or  miniatus  form  reached  a  max- 
imum length  of  a  little  over  three  inches,  while  the  undoubted  viridescent 
form  ranged  from  a  little  less  than  three  inches  up  to  four  or  more.  Yet 
a  breeding  male  of  the  viridescent  form  Wiis  found  to  be  only  two  and 
three-fourths  inches  long.  On  the  whole,  it  seemed  clear  that  at  a  cer- 
tain stage  the  red,  land  form  most  enter  the  water  and  assume  characters  to 
some  extent  dififerent  from  those  possessed  while  on  land. 

As  to  the  color  of  the  aquatic  form,  olive  is  the  prevailing  tint.  Yet 
many  have  more  or  lees  red  mingled  with  it,  and  not  a  few  are  decidly  red. 
It  is  probable  that  none  of  those  which  have  betaken  themselves  to  the  water 
are  as  scarlet  as  those  living  on  the  land,  yet  they  must  oome  pretty  near 
it  As  to  the  purpose  of  the  coloration  aasamed  in  the  water,  it  is  not  difii- 
cult  to  see  that  it  will  be  highly  protective  to  an  animal  that  dwells  amid 
green  vegetation ;  but  why  the  land-dwellers  should  be  so  conspicuously 
red  is  not  so  easily  decided.  No  concealment  seems  to  be  sought  here.  It 
is  possible  that  the  land  form  is  a  distasteful  morsel  to  such  animals  as  it 
oomes  in  contact  with,  and  the  color  is  developed  as  a  warning  signal. 
Those  who  have  the  opportunity  to  experiment  with  them  ought  to  en- 
deavor to  settle  the  question.  The  salamanders  are  given  to  eating  all  such 
animals,  and  the  red  young  of  the  newt  might  be  offered  to  Ambystoma  tigri- 
nuirif  for  instance,  in  order  to  determine  whether  or  not  the  latter  would  eat 
the  young  newt. 

There  are  some  interesting  matters  connected  wtth  the  size  of  the  larvn^ 
at  the  time  of  the  transformation.    Prof.  Gage  states  that  he  has  never  seen 
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a  larva  at  this  period  less  than  three  centimeters  long  or  more  than  four, 
while  some  of  the  bright  red  ones  are  only  five  centimeters  long,  that  is, 
two  inches.  Now  in  the  national  collection  I  found  larvae  yet  with  remains 
of  gills,  and  some  of  these  larva*  were  two  and  three-fourths  inches  long. 
These  were  from  Jersey  City,  N.  J.  Not  long  ago  Prof.  Gage  sent  me  a  spec- 
imen for  examination,  which  he  had  taken  at  Wood's  Holl,  and  this  one  is 
fully  as  large  as  those  I  have  mentioned.  The  smallest  red  specimens  men- 
tioned by  Prof.  Gage  are  two  inches  long.  Some  of  the  red  specimens  seen 
by  me  at  Washington  were  only  an  inch  and  a  half,  an  inch  and  three-quar- 
ters, and  one  only  an  inch  and  five- sixteenths  long.  Here  we  have  evidence 
of  very  great  variation  in  the  size  of  the  larvae  at  the  time  of  transforma- 
tion. I  believe  also  that  there  is,  during  the  transformation,  a  considerable 
shrinkage  in  the  size  of  the  whole  body.  Such  shrinkage  occurs  during  the 
transformation  of  Ambystoma  microstomunij  and  probably  of  most  salamanders. 
Thus,  while  we  are  gradually  getting  at  a  correct  knowledge  of  this  in- 
teresting  animal,  the  green  triton,  or  newt,  it  is  a  good  subject  for  further 
study. 


The  proper  nystkmatic  name  of  thk  prairik  rattlesnake.     By  O.  P.  Hay 


TlIK    HLIND   crayfishes   OF   INDIANA.      By  W.  P.  HaY. 


The  Crist  ace  a  of  Indiana.    By  W.  P.  Hay,  M.  .S. 

The  following  list  of  the  crustaceans  of  Indiana  is  to  be  regarded  as  a 
first  contribution  to  the  knowledge  of  this  interesting  group.  Although  it 
represents  the  labor  of  quite  an  extended  period,  the  labor  was  confined 
mostly  to  the  central  part  of  the  state,  and  to  the  larger  forms  ;  and  there 
still  remains  the  great  multitude  of  microscopic  forms  only  a  few  of  which 
are  here  numbered.    It  is  for  the  purpose  of  directing  the  attention  of  the 
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Indiana  Academy  to  this  interesting  and  much  neglected  part  of  our  fauna 
that  this  paper  is  written. 

Cambarm  ai-gillicola  Faxon.  Very  common  in  central  Indiana.  It  is 
very  similar,  both  in  appearance  and  habits,  to  its  near  relative,  C  diogencs. 
Like  this  latter  species,  C.  argillicola  barrows  and  raises  mnd  chimneys  at  the 
mouth  of  its  hole.  It  is  apparently  of  smaller  size  than  C,  diogenes,  the  largest 
specimen  measuring  barely  2^  inches  from  the  rostral  spine  to  the  end  of  the 
tail.  The  bearded  hand  spoken  of  by  Dr.  Faxon  in  his  monograph  is 
hardly  a  constant  feature.  Indeed,  of  all  the  specimens  which  have  come 
under  my  notice  at  least  half,  without  distinction  as  regards  sex,  were  with- 
out the  beard.  The  eggs  are  laid  in  the  early  spring,  often,  it  seems,  before 
the  females  retire  to  their  burrows.  A  small  female  bearing  eggs  was  taken 
from  a  pond  April  2,  and  a  female  with  young  was  dug  from  a  barrow 
April  20.  The  burrows  were  excavated  in  the  tough  clay,  near  a  pond,  to 
a  depth  of  about  2}  feet. 

Camharus  bartonii  Fabricius.  This  species  will  probably  be  found  to 
occur  throughout  the  state.  It  is  much  more  common,  however,  in  rocky 
localities  than  elsewhere.  It  is  a  cave-loving  species,  occurring  in  nearly 
every  one  of  the  caverns  of  southern  Indiana.  I  have  often  observed 
both  it  and  C.  pellucidm  in  the  same  cave. 

Cambarui  blandingii  Hagen.  A  number  of  specimens  from  English  Lake 
seem  to  be  this  species,  though  they  may  be  the  following,  which  is  re- 
ported by  Dr.  Faxon. 

Cambarus  blandingii  var.  acuta  Faxon.  This  species  is  reported  from 
Wheatland,  Knox  county. 

CambaruH  diogenes  Girard.  In  early  spring  this  is  the  most  conspicuous 
crayfish,  both  by  its  abundance,  large  size,  and  fine  coloration.  The  females 
far  surpass  any  other  species  in  the  different  colors,  which  are  beautifully 
blended.  As  they  are  strictly  a  burrowing  species,  they  are  to  be  found  only 
during  the  breeding  season,  which  begins  ab  JUt  the  first  of  April.  At  this 
time  they  are  very  common,  even  in  the  daytime.  At  night  they  are  abund- 
ant. Thirty-five  large  specimens  were  collected  in  one  evening,  April  2, 1892. 
Of  this  number  twenty-nine  were  males  and  six  females.  A  number  of  fe- 
males found  in  copulation  were  separated  from  the  rest  to  observe  the  time 
elapsing  before  the  eggs  were  laid.  Ttie  first  eggs  were  laid  April  18,  while 
another  specimen  of  the  same  lot,  with  well  developed  but  unlaid  eggs, 
was  killed  and  dissected  April  20. 

After  the  breeding  season  they  retire  to  their  burrows,  and  for  the  rest  of 
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the  year  their  presence  is  known  only  by  the  chimneys  which  they  raise 
over  the  mouth  of  the  holes. 

Camlxtrm  immunis  Hagen.  This  species  is  exceedingly  abundant  dur- 
ing the  summer  in  muddy  ponds.  They  burrow  into  the  mud  on  the  dry- 
ing up  of  the  ponds,    i  have  never  observed  them  in  running  water. 

Cambarus  pt:Uucidus  Tellkampf.  The  common  blind  crayfish  occurs  in 
many  of  the  caves  of  southern  Indiana.  They  are  usually  small,  the  larg- 
est I  have  ever  seen,  among  40  specimens,  being  barely  2  inches  in  length. 
They  are  kept  from  extinction  only  by  the  inacessibility  of  their  home. 
They  are  very  conspicuous  when  in  the  water,  and  are  very  easily  caught. 
When  startled  they  are  utterly  at  loss  where  to  go,  and  often  dart  out  upon 
the  shore.  I  think  it  may  be  safely  said  that  as  a  rule  they  grow  spinier  aa 
one  advances  southward,  although  there  are  exceptions.  A  female  col- 
lected in  Wyandotte  Cave  is  almost  without  spines ;  but  three  specimens 
from  a  small  cave  near  there  are  exceedingly  spiny. 

Cambanu  /tellucidus  var.  testii  Hay.  This  crayfish,  although  at  first 
thought  to  be  a  distinct  species,  is  probably  only  a  variety  of  the  preceding, 
characterized  by  the  entire  absence  of  spines.  There  are  no  teeth  on  the 
rostrum  or  spines  on  the  sides  of  the  carapace,  things  never  lacking  in  the 
common  species.  The  type  specimens,  12  or  13  in  number,  were  collected 
in  Mayfield's  cave,  near  Hloomington.  They  have  since  been  received  from 
Truett's  cave,  in  the  same  county. 

Cambarus  propintjuus  Girard.  This  is  apparently  the  common  species 
throughout  the  state.  In  the  central  portion  it  is  very  abundant  at  all  sea- 
sons of  the  year,  being  almost  invariably  found  in  running  water.  The 
median  carina  on  the  rostrum,  one  of  the  characteristic  marks  of  the  spe- 
cies, may  vary  from  a  long  ridge  to  a  mere  papilla-like  elevation.  The 
color  in  lite  is  a  dingy  dark  olive.  The  tips  of  the  chelae  are  sometimes 
red,  and  the  spines  on  the  rostrum  brown. 

Cambarus  pvUnami  Faxon.  In  his  *'  Monograph  on  the  American  Asta- 
cidse,''  Dr.  Faxon  mentions  the  probability  of  this  species  occurring  in  the 
southern  part  of  the  state.  I  have  specimens  taken  between  Paoli  and 
Wyandotte  cave,  in  the  summer  of  18S8. 

Cambanis  msiicus  Girard.  This  species,  which  is  very  like  prnpinquvs, 
is  tolerably  common.    It  has  been  collected  at  Madison  and  at  Indianapolis. 

Cambarus  sloanii  Faxon.  The  only  known  locality  for  this  species  in 
Indiana  is  in  the  region  about  New  Albany. 


Cambarus  virUis  Hagen.  Ib  very  common  and  widely  distributed  in  the 
northern  part  of  the  state.    I  have  also  found  it  at  Irvington. 

Palxmon  ohionis  Smith.  The  river  shrimp  has  been  taken  in  large 
numbers  in  the  Ohio  at  Lawrenceburg.  It  will  probably  be  found  to  occur 
in  the  lower  Wabash  and  possibly  some  of  the  other  large  streams  in  the 
south  of  the  state. 

AUorchestei  denkUa  Smith.  This  small  crustacean  was  taken  on  one  oc- 
casion from  a  small  j>ool  along  Fall  creek,  north  of  Indianapolis.  It  has 
also  been  observed  by  Prof.  S.  A.  Forbes  in  northeastern  Indiana. 

Crangonyx  gracilis  Smith.  Very  common  in  stagnant  water  in  central 
Indiana.  I  have  never  observed  it  in  the  streams.  Early  spring  is  the 
best  collecting  time  for  this  crustacean,  as  it  then  attains  its  largest  size. 

Crangonyx  packardi  Smith.  I  have  not  yet  collected  this  species,  but  it 
is  said  to  be  common  in  the  southern  portion  of  the  state. 

Crangonyx  mucronaius  Forbes.  This  interesting  species,  I  think,  will 
be  found  to  occur  over  a  large  portion  of  Indiana.  I  have  found  it  under 
logs  in  a  swamp  near  Irvington,  have  taken  it  from  at  least  one  well  in  the 
vicinity,  and  have  observed  and  collected  it  in  nearly  every  cave  in  Mon- 
roe, Lawrence,  Crawford  and  Harrison  counties. 

Manauelltis  tenax  Harper.  An  exceedingly  large  and  abundant  species 
which  may  be  found  in  early  spring  in  the  water  courses.  I  have  often  ob- 
served it  in  stagnant  water,  but  in  running  water,  as  at  the  mouth  of  a 
tile  drain,  they  may  be  collected  by  the  hundreds. 

A8ellu8  communis  Say.  This  species  appears  to  take  the  place  of  the 
preceding  species  in  the  ponds.  I  have  rarely  observed  it  in  running 
water,  but  in  early  spring  it  is  very  common  in  the  ponds  about  Indianapolis. 

Asellus  stygius  Packard.  This  interesting  blind  Asellm  1  have  found  in 
two  wells,  three  or  four  miles  north  of  Irvington.  It  is  also  very  common 
in  the  caves,  but  does  not  appear  to  grow  to  so  large  a  size  as  those  taken 
from  the  wells. 

Scyphacella  pntea  W.  P.  Hay.  This  very  curious  and  remarkable  crus- 
tacean is  as  yet  undescribed,  but  is  here  included.  The  type  specimens 
were  obtained  from  a  well  in  Irvington.  Soon  after  the  specimens  were 
taken  the  well  was  cleaned,  and  no  crustaceans  have  been  observed  since. 
Its  nearest  relative  is  Scyphacella  arenicolat  a  salt  water  crustacean. 

Branchipus  remalis  Verrill.  In  the  central  portion  of  the  state,  about 
Irvington,  this  beautiful  crustacean  is  very  abundant.    In  one  sweep  of  the 
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net  I  have  taken  over  a  hundred  of  them.  It  has  also  been  taken  at 
Bloomington,  Ind. 

Branchipus  gellidus  W.  P.  Hay.  Abundant  at  times  about  Irvington. 
It  was  described  February,  1883,  in  the  American  Naturalist,  from  speci- 
mens collected  in  the  early  spring  of  that  year.  On  the  drying  up  of  the 
ponds  it  disappeared,  and  although  careful  search  was  made  every  winter 
after,  it  was  not  seen  again  till  April,  1892,  when  it  was  again  found  to  be 
common.  It  is  much  smaller  than  B,  vemaliSf  and  seems  to  congregate  in 
little  groups  of  15  to  20.    They  are  very  delicate  and  die  soon  after  capture. 

Euj^Uoscia  elrodi  Packard.  This  is  the  only  "  sow-bug  "  described  from  the 
state,  although  several  species  are  common. 

Diaptamua  sanguineus  Forbes.  At  times  so  common  as  to  give  the  pond 
water  a  pinkish  color.    I  have  observed  it  only  about  Irvington. 

Daphnia  rosea  Sars.  Very  abundant,  in  company  with  other  species,  in 
ponds  about  Irvington. 

Ceriodaphnia  qtiadrangnla.  Common,  in  company  with  other  species,  in 
ponds  about  Irvington. 

Ceriodaphnia  cristata  Birge.  Occurs  frequently  with  the  two  preceding 
species. 

Cyclops  }*arcns  Herrick.    Collected  from  ponds  about  Irvington. 

Cydops  insectus  Forbes.    Collected  from  ponds  about  Irvington. 

It  will  be  seen  that  so  far  thirty -one  speckles  of  crustaceans  have  been 
collected  from  the  state.  A  little  careful  search  would  doubtless  more  than 
double  the  number. 


NoTKS  ON    KLAI'H  KILVls.       By  A.  J.  BiGNEY. 

About  two  years  ago  a  very  beautiful  snake  was  taken  to  the  drug  store 
of  V.  W.  Bigney,  at  Sunman,  Ripley  county,  Indiana;  it  having  been  found 
near  Milan,  in  the  same  county.  It  was  preserved  in  alcohol  and  a  little 
more  than  a  year  ago  it  was  sent  to  me  for  identification.  After  carefully 
examining  it  I  pronounced  it  to  be  the  Flaps  fulvius,  or  bead  snake,  be- 
longing to  the  order  of  the  Harlequin  snakes. 

A  careful  study  has  revealed  some  interesting  facts.  The  order  to  which 
this  snake  belongs  is  very  widely  distributed,  being  found  not  only  in  North 
America  but  also  in  Southern  Asia,  Australia,  South  America,  and  the  isles 
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of  the  sea.  The  warmer  regions  are  their  regular  home.  In  the  Tnited 
States  it  is  found  in  Virginia,  Georgia,  Florida,  Texas,  Arizona,  New  Mexico, 
and  Arkansas.  No  mention  is  made  of  its  being  found  further  north  than 
Virginia  and  Arkansas.  Only  one  species  inhabits  North  America,  but 
there  are  several  varieties,  distinguished  chiefly  by  the  arrangement  of  the 
colored  bands.  This  snake  is  ordinarily  found  in  the  ground  in  sweet 
potato  fields.  The  question  naturally  arises,  How  came  it  so  far  north  ? 
Has  it  ever  been  found  in  this  state  before?  Was  it  carried  here  and 
escaped?  I  am  rather  inclined  to  the  latter  view.  If,  however,  it  has 
been  found  in  this  state  by  other  parties,  then  this  view  is  evidently 
erroneous. 

The  specimen  under  consideration  is  about  25  inches  long.  It  has  more 
than  200  gastrostroges,  which  are  entire,  and  the  urostroges  bifid.  The 
anal  plate  is  also  bifid.  Dr.  Jordan,  in  his  "  Manual,''  speaks  of  it  as  being 
entire.  This  is  evidently  an  exception  to  the  rule,  and  this  plate  is,  there- 
fore, somewhat  variable.  The  snake  has  seventeen  bands  of  crimson, 
bordered  by  yellow.  The  occipital  band  is  yellow  and  the  bands  on  the 
tail  also  have  no  red.  It  has  no  loral  plate,  but  in  another  species  it  is 
present.  It  has  two  fangs  in  the  upper  jaw,  which  are  hollow,  and  on  the 
front  side  there  is  a  permanent  groove;  back  of  these  fangs  are  small  teeth. 
The  E  laps  ftdtius  is  classed  among  the  venomous  by  Dr.  Jordan.  If  any  one 
has  found  another  specimen  in  the  state  I  shall  be  glad  to  learn  of  it. 


SoMK    OBSEUyATlONS   ON    IIKKODKIIMA    SUKI'E<TITM.      By    D.    A.    OwEN,   Moorc's 

Hill  College. 

About  the  middle  of  last  May  the  museum  of  Franklin  College  came  into 
possession  of  a  fine  specimen  of  Hdoderrna  suspectum  or  ''Gila  monster," 
from  Sacaton,  Arizona.  This  is  one  of  the  largest  of  lizards,  and  the  only 
one  in  America  reputed  venomous. 

The  specimen  received  \b  eighteen  inches  long  from  the  tip  of  his  snout 
to  the  end  of  his  tail,  which  is  six  inches  long  and  of  an  uniform  diameter  of 
about  one  inch  and  a  half  until  within  a  short  distance  of  the  end,  where  it 
terminates  in  a  blunt  point. 

The  body  is  beautifully  marked  by  black  and  fiesh  colored  tubercular 
scales,  much  resembling  Indian  bead  work.    Its  habits  are  very  sluggish, 
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and  not  infrequently  whole  days  are  spent  in  sleeping.  This  is  almost 
uniyersally  the  case  during  very  cloudy  weather.  Its  food  has  consisted 
of  raw  eggs,  of  which  three  or  four  are  consumed  in  a  week.  Sometimes  it 
will  eat  an  egg  each  day  for  two  or  three  days,  and  then  will  touch  noth- 
ing for  nearly  a  week.  The  method  of  taking  this  food  is  hy  suction,  aa- 
aiated  by  sliding  back  and  forth  its  flat,  forked  tongue.  When  the  eggs 
were  given  without  first  breaking  the  parts,  it  was  very  difficult  to  swallow, 
the  food  would  be  forced  out  through  the  nostrils  and  some  time  would  be 
spent  holding  the  head  elevated  so  that  gravity  might  force  it  down  the 
throat. 

Other  fooils  were  offered,  but  in  no  case  were  they  touched. 

Although  its  native  home  is  in  that  arid  region  where  rain  seldom  falls 
in  abundance,  it  showed  a  special  fondness  for  water.  It  would  frequently 
lie  in  a  pan  of  water  during  the  whole  day.  At  times,  when  the  appetite 
made  no  demands  for  the  food,  he  would  frequently  crawl  into  the  pan,  as 
if  he  preferred  to  take  it  by  absorption. 

In  breathing,  there  seemed  to  be  a  full  expansion  of  the  lungs  every  50 
or  ()0  seconds.  The  air  is  then  expelled,  as  it  seems,  in  a  kind  of  pulsations. 
These  pulsations  are  seen  on  each  side  of  the  neck  and  vary  from  fifteen  to 
thirty  per  minute.  But  during  the  torpid  state,  which  began  about  the 
middle  of  October,  there  appears  to  be  no  full  expansion  of  the  chest,  but 
respiration  is  conducted  wholly  by  this  pulsation.  If,  however,  the  animal 
be  disturbed,  the  air  is  immediately  forced  out  of  the  lungs  with  a  sound 
very  much  resembling  a  deep  sigh. 

The  moulting  began  about  the  last  of  July  or  the  first  of  August,  and  was 
not  completed  until  the  last  of  September.  The  skin  was  removed  in  pieces, 
beginning  about  the  middle  of  the  body. 

In  regard  to  the  nature  of  the  vermin  and  the  fatality  of  the  bite  there 
is  little  to  offer  that  is  new.  The  lesult  of  experiments,  however,  seem  to 
cast  some  doubt  upon  the  idea  formerly  held  that  the  action  of  the  poison 
was  very  rapid. 

The  first  animal  that  was  bitten  was  the  common  tiger  salamander.  In 
thia  case  there  was  no  more  deleterious  effect  than  would  have  occurred 
from  the  bite  of  any  other  animal.  The  same  thing  was  true  with  the  next, 
which  was  a  common  toad.  In  both  of  these  cases,  after  the  bite,  the  helo- 
derma  frothed  considerably  at  the  mouth  and  refused  to  make  the  second 
bite. 

The  next  animal  bitten  was  a  rat.    After  the  rat  had  been  bitten  two  or 
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three  times,  with  seemingly  no  perceptible  effects,  it  was  taken  out  and 
placed  in  a  cage  with  a  rattlesnake,  where  it  was  bitten  twice,  and  within 
the  space  of  two  hours  was  dead.  A  second  rat,  after  an  absence  of  a  few 
days,  was  put  in  with  the  heloderma  and  was  bitten  three  times ;  once  upon 
the  fore  leg,  and  once  upon  the  tail,  and  again  through  the  lower  jaw.  The 
lirst  two  bites  occurred  before  nine  o'clock  in  the  morning,  the  third  about 
one  in  the  afternoon.  At  four  o'clock  the  same  day  the  rat  seemed  all  right, 
with  the  exception  of  being  cowed  and  having  a  desire  to  get  as  far  from 
the  lizard  as  possible.  The  next  morning,  upon  obeervation,  the  rat  was 
found  dead,  and  when  picked  up  a  greenish  fluid  ran  out  of  its  mouth. 
*  The  heloderma,  when  undisturbed,  is  a  hankiless  individual,  and  at  no 
time  was  its  biting  voluntary.  But  when  disturbed  he  elevated  his  head 
with  mouth  open,  giving  forth  the  aspirate  sound  of  ^o^,  and  if  at  this  time 
any  thing  is  placed  within  his  open  mouth,  the  jaws  immediately  dose 
upon  it.  The  biting  is  simply  holding  fast  for  a  few  minutes.  There  are 
no  fangs  in  the  upper  jaw,  as  in  the  rattlesnake,  and  if  there  be  any  poison 
it  must  be  from  the  ordinary  saliva  and  depends  upon  the  degree  of  irrita- 
tion of  the  animal. 

Judging  from  the  actions  of  the  two  rats  bitten,  one  by  the  snake  and  the 
other  by  the  lizard,  we  believe  the  poison  in  the  two  reptiles  acts  differ- 
ently. From  the  death  struggles  of  the  one  bitten  by  the  rattlesnake  there 
appears  to  be  a  paralysis  of  the  respiratory  oigans,  while  from  the  stupor 
which  appeared  to  take  hold  of  the  other,  we  judge  in  that  case  to  be  a 
paralysis  of  the  circulatory  organs. 
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Contributions   to   a    knowlkdcje  ov  the  grain   to\oi»tera    rroxorxKRA 
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Bl  FFALo  aXATS  I.SIMI'LID.K)  IN  INDIANA    AND    ILLINOIS.       Bv  F.   M.   WkIWTKH. 

In  his  ''Guide  to  the  Study  of  Insects,"  p.  :U>1,  and  a^ain  in  his  "  Our 
Common  Insects/'  p.  73,  Dr.  A.  8.  Packard  acknowledges  the  receipt  of  ex- 
amples of  a  buffalo  gnat  from  Prof.  J.  T.  Cox,  State  Geologist  of  Indiana. 

In  this  notice  it  is  not  stated  whether  the  examples  were  taken  in  Indi- 
ana, or  in  IllinoiK,  where  the  author  accuses  the  insect  of  causing  the  death 
of  horses  on  the  prairies. 

The  late  Dr.  £.  R.  Boardman,  of  Stark  County,  IllinoiH,  wrote  me  some 
years  ago  of  the  former  occurrence  of  these  gnats  in  his  State,  as  follows : 
"  I  spent  the  summer  of  184;>  here  on  Spoon  River.  The  settlers  used  to 
watch  for  the  appearance  of  the  buffalo  gnats  every  year,  and  they  usually 
earoe  fiom  the  10th  to  the  20th  of  May,  from  the  Winnebago  Swamp.  That 
year  it  was  about  the  12th  or  15th  of  May,  when  we  were  planting  com, 
that  a  neighbor  rode  up  and  told  us  to  look  to  our  stock,  as  the  gnats  were 
coming.  In  less  than  an  hour  the  cattle  and  horses  came  tearing  in  off  the 
prairie,  the  former  bellowing  with  pain,  the  latter  kicking  and  throwing 
themselves  on  the  ground,  and  rolling  to  rid  themselves  of  their  tormentors. 
The  gnats  did  not  usually  remain  more  than  four  or  five  days  at  the  longest, 
and  often  not  over  twenty-four  hours,  when  a  wind  would  carry  them  oft'. 

**  When  they  used  to  come  in  such  numbers,  I  have  known  them  to  run 
stock  from  here,  thirty  or  forty  miles  down  the  Henderson  River,  and  when 
the  stock  were  recovered  they  would  be  so  used  up  by  running  as  to  be  al- 
most useless.  The  deer  used  to  leave  the  swamps  about  the  time  the  gnats 
appeared,  and  take  shelter  along  Spoon  River,  often  coming  in  droves,  and 
when  hard  pushed  would  take  to  the  water. 

'*The  gnats  came  more  like  a  swarm  of  bees  than  anything  else  I  can 
compare  them  to.  I  never  saw  them  at  Pawpaw,  DeKalb  county,  nor  do  I 
recollect  of  seeing  or  hearing  of  their  occurrence  here,  for  the  last  thirty 
years — since  the  swamp  has  been  drained  and  pastured." 

The  following,  from  a  letter  received  several  years  ago  from  Mr.  John 
liarten,  at  that  time  residing  in  Decatur,  Illinois,  will  give  additional  in- 
formation as  to  the  distribution  of  Simulium  in  Illinois,  and  also  add  a 
valuable  hint  as  to  remedial  measures  for  the  relief  of  stricken  animals. 

"  I  have  found  the  buffalo  gnat  in  Edwards  county,  Illlinois.  In  the  spring 
of  188^^  or  1884,  I  do  not  now  remember  which,  two,  and  possibly  more, 
horses  were  killed  in  that  county.  During  both  seasons  the  gnat  was  found 
there.    Farmers  from  Richland  and  Lawrence  counties,  north  of  Kdwards, 


complaiDed  of  the  pest.  My  observatioDs  were  too  limited  to  Bay  more  than 
these  general  things. 

*'  My  father-in-law,  before  his  death,  told  me  that  in  former  years  the 

gnats  had  been  very  troublesome  in  Edwards  county,  and  that  whenever 

I  he  had  been  called  upon  to  treat  cattle  or  horses  they  always  recovered. 

LHe  condemned,  roundly,  the  notion  that  the  bites  of  the  gnats  were  neces- 
sarily fatal,  saying  that  cures  could  easily  be  made  by  such  treatment  as 
would  cause  copious  urination.  He  used  nitrates  and  kindred  remedies. 
He  was  a  practicing  physician  and  thoroughly  acquainted  with  his  profes- 
sion. John  Marten." 

Owing  to  the  obscurity  regarding  the  locality  from  which  Prof.  Ck)x  ob- 
tained his  specimens,  it  was  not  until  the  year  1886  that  we  had  any  exact 
information  as  to  the  occurrence  of  the  buffalo  gnat  in  Indiana ;  our  atten- 
tion being  called  to  the  fact  by  Prof.  S.  B.  Boyd,  of  Washington,  Davies 
county,  who  informed  us  that  these  insects  occurred  along  White  River  in 
considerable  numbers.  With  a  view  of  gaining  further  information  respect- 
ing this  matter,  we  addressed  a  letter  to  Hon.  Samuel  Hargrove,  of  Union, 
Pike  county,  from  whom  we  received  a  reply,  not  only  corroborating  Prof. 
Boyd,  but  stating  the  fact  of  their  occurrence  along  the  Patoka  River,  also. 

On  the  10th  of  November,  1886,  we  started  on  a  trip  to  Pike  county  and 
vicinity,  by  way  of  Seymour,  Jackson  county,  where  we  were  informed  by 
Mr.  J.  A.  Peters,  an  extensive  farmer  of  the  bottom  lands,  that  no  gnats  oc- 
curred in  that  vicinity,  but  about  Bloomfield  and  Worthington,  in  Greene 
county,  they  often  annoyed  stock  greatly.  From  Seymour  we  went  to 
Washington,  Davies  county,  where  we  again  met  Mr.  Boyd,  and  learned 
from  him  that  these  gnats  infested  the  bottom  lands  along  the  entire  west- 
em,  and  also  a  portion  of  the  southern,  borders  of  that  county. 

In  White  county  we  examined  a  portion  of  the  Patoka  River,  a  small 
stream  whose  winding  course  is  nearly  due  west,  emptying  its  waters  into 
the  Wabash  River  a  short  distance  below  the  mouth  of  the  White.  The 
bottoms  are  wide,  and  the  bed  is  of  clay,  the  current  in  low  water,  as  it  was 
at  that  time,  is  rather  sluggish,  but  in  high  water  it  is  quite  swift  and  cov- 
ers the  bottoms,  which  are  often  cultivated,  but  fully  as  often  timbered  and 
grown  up  with  brush.  The  stream  also  has  more  or  less  drift-wood,  stumps, 
and  other  debris  in  it,  but  we  found  no  place  where  this  caused  any  per- 
ceivable increase  of  the  current.  We  examined  such  of  this  drift-wood  as 
we  could  disengage,  but  could  find  no  trace  of  the  buffalo  gnat  in  any  stage 
of  development. 
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We  learned  from  people  reskiing  along  this  stream,  that  in  1882  the  gnats 
occurred  as  far  up  as  Jasper,  Dubois  county,  and  several  mules  and  horses, 
in  the  vicinity  of  Bovine,  Pike  county,  died  from  the  effects  of  being  bitten 
by  gnats.  Usually,  however,  the  insects  did  not  occur  in  that  vicinity  in 
any  considerable  numbers. 

At  Hazleton,  on  White  River,  in  Gibson  county,  Dr.  P.  H.  Curtner  in- 
formed me  that  gnats  had  appeared,  with  more  or  less  regularity,  every  sea- 
son for  the  last  seventeen  years,  being  very  much  more  abundant  in  seasons 
of  high  water  during  spring  time.  Localities  between  Hazleton  and  the 
Wabash  River  were  especially  noted  for  the  great  numbers  of  gnats  occur- 
ring there.  Dr.  Curtner's  facts  are  of  especial  value,  as  he  has  had  several 
years'  experience  with  buffalo  gnats  in  Louisiana,  during  the  war,  having 
been  connected  with  a  battery  of  Federal  artillery. 

A  qaite  significant  fact  was  noticed,  in  that  wherever  the  insects  were 
reported  as  being  the  most  abundant,  the  stream  was  very  tortuous,  thereby 
presenting  many  narrow  points  of  bottom-land,  more  or  less  covered  with 
trees  and  underbrush,  across  which  the  water  flows  whenever  the  stream  is 
very  much  swollen.  Lumbermen,  who  are  much  on  the  river,  say  that 
where  the  bottoms  have  been  cleared,  gnats  are  not  usually  abundant. 

Like  the  Patoka,  White  River  has  rather  a  sluggish  current.  At  Hazle- 
ton, the  latter  is  estimated  to  flow  at  the  rate  of  about  six  miles  per  hour 
in  ordinary  high  water ;  during  low  water  it  is  much  less. 

The  following  letter  adds  much  to  a  knowledge  of  the  distribution  of 

buffalo  gnats  in  southwestern  Indiana : 

"Marix),  Ind.,  December  21st,  1886. 
"Mr.  F.  M.  Webster,  Dear  Sir  : — I  am  somewhat  acquainted  with  buf 
fftio  gnats.  I  first  find  them  on  the  head  waters  of  a  stream  called  River  De- 
Shee,  and  also  on  Wilson  Creek,  in  the  southern  part  of  Harrison  township, 
K  nox  county,  southeast  of  Vincennes.  They  are  not  so  much  in  the  White 
River  bottoms  as  they  are  in  the  low,  marshy  land  adjoining  said  b  ittims. 
I  find  them  in  said  township,  further  north,  in  the  vicinity  of  a  low,  slug- 
gish creek,  called  Pond  Creek.  Where  the  high  lands  come  near  the  river, 
I  find  none  until  I  get  above  EJwardsport,  at  the  mouth  of  Black  Creek : 
but  following  that  creek  in  Greene  county,  I  find  them  abundant  in  low, 
wet  land  that  makes  and  adjoins  said  creek,  to-wit:  Cain  Drain,  or  Dela- 
ware Creek,  a  large  marsh  in  Knox  county,  Carico  Marsh,  the  Goose  Pond, 
Bee  Hunter  Marsh,  and  Ladies'  Creek  Marshes,  all  in  Greene  county.  In 
the  bottoms,  on  the  west  side  of  White  River,  you  will  find  plenty  of  them ; 
but  above  Worthington  they  have  never  been  known,  so  far  as  I  have 
heard. 


^*  The  buffalo  gnat  in  his  natural  state  is  about  one-half  as  large  as  the 
common  house  fly.  They  make  their  appearance  in  early  spring.  A  few 
days,— with  the  temperature  from  forty  to  fifty  degrees — is  apt  to  bring 
them.  They  cannot  exercise  when  the  temperature  is  31^°,  but  will  come 
immediately  upon  the  weather's  getting  warmer.  Rain  and  wet  weather 
will  down  him  for  awhile.  His  life  varies  as  to  the  weather.  One  week  of 
clear  weather,  with  the  temperature  from  70  to  80  degrees,  ends  his  exist- 
ence. Generally  they  last  from  four  to  six  weeks.  They  are  very  severe 
on  all  kinds  of  stock,  and  run  the  cattle  and  hogs,  and  drive  them  to  the 
open  ground,  where  the  wind  and  hot  sun  has  a  tendency  to  drive  the 
gnats  down.  They  have  been  known  to  kill  horses  by  blood  sucking,  and, 
when  full  of  blood,  are  about  as  big  as  two  house  flies.  They  never  attack 
a  man. 

'^As  a  preventive,  we  use  coal  oil,  rubbing  it  on  the  horse's  bead,  neck, 
breast  and  flanks,  as  these  are  the  parts  generally  attacked. 

"  Yours  truly,  Dr.  R.  A.  J." 

At  least  two  species  of  Simulium  occur  in  the  Wabash  River,  near  New 
Harmony,  Posey  county,  in  what  is  known  as  the  Cut  Ofl*.  This  cut  ofl 
has  existed  since  before  the  country  was  settled,  though,  in  an  earlier  day 
it  was  much  narrower  and  used  as  a  mill  race,  an  oil  painting  by  LeSuer, 
showing  it  as  it  appeared  at  an  early  day,  is  yet  in  possession  of  a  son  of 
Robert  Dale  Owen,  residing  at  Xew  Harmony.  The  channel  has  widened 
of  late  years,  the  bottom  being  rocky  as  of  old,  and  at  the  lower  extremity 
fllled  with  rocks  and  bowlders,  over  and  among  which  the  water  flows  very 
swiftly.  A  number  of  head  of  stock  were  killed  by  gnats  in  this  vicinity 
in  1884,  and  they  were  quite  troublesome  in  the  spring  of  1890.  On  June 
12th  of  the  latter  year  I  caught  adults  in  the  vicinity,  belonging,  without 
much  doubt,  to  SimiUium  pecxiamm,  Riley,  and  feel  quite  sure  that  S. 
meridicmaley  Riley,  also  occurs  there.  From  the  number  of  pupa  shells 
that,  at  the  time  of  my  visit,  were  attached  to  willows  and  branches  of 
trees  which  had  been  inundated  in  spring,  I  judge  that  adults  had  been 
quite  numerous,  Larvae  were  also  found  in  the  swifter  flowing  portions 
of  the  stream,  but  in  limited  numbers. 

It  appears  somewhat  strange  that  the  only  species  of  8imulia  described 
by  Thomas  Say,  for  a  long  time  a  resident  of  New  Harmony,  should  be  ac- 
corded to  Ohio,  his  specimens  being  from  Ohio  Falls,  near  Louisville,  Ken- 
tucky. It  would  now  appear  almost  impossible  that  they  should  not  have 
inhabited  the  lower  Wabash,  while  he  was  engaged  in  his  entomological 
labors  and  within  sight  of  the  locality  where  they  now  occur.  An  almost 
parallel  case  is  found  in  the  chinch  bug,  which  Say  described  in  1831  from 


a  elDgle  specimen  "  taken  on  the  east  shore  of  Virginia/'  while  Prof.  S.  A. 
Forbes,  in  16th  Report  of  the  State  Entomologist  of  Illinois,  p.  50,  gives 
what  seems  to  be  incontrovertible  proof  that  the  insect  was  abundant  in 
Illinois,  within  a  few  miles  of  New  Harmony,  as  early  as  1S23.  Therefore 
it  does  not  seem  improbable  that  Simulia  may  not  have  occurred  in  the 
Lower  Wabash,  and  the  Little  Wabash,  in  Illinois,  even  before  Say's  resi- 
dence at  New  Harmony,  though,  in  attempting  to  secure  proof  of  this  I 
have  been  less  fortunate  than  Prof.  Forbes,  as  none  of  the  oldest  inhabi- 
tants about  New  Harmony  can  remember  of  the  occurrence  of  buffalo 
gnats,  except  during  recent  years. 

At  the  field  meeting  of  the  Academy,  at  Kichmond,  Indiana,  May  12, 
1892,  we  found  another  location  for  these  insects,  in  Indiana,  this  being  at 
at  Elkhom  Falls,  situated  five  miles  below  the  city.  The  larvae,  which  ap- 
pear to  be  difierent  from  any  I  have  collected  elsewhere,  were  found  cling- 
ing to  the  rock  and  also  to  the  alga*  which  overhangs  the  falls.  No  adults 
were  found  at  the  time,  and  but  few  pupie. 


The  DEVELOPMENT   OF  THE   VIVIPAROUS    FI8HE1S   OF  CALIFORNIA.       Bv  CaRI.  H. 
KuiENMANK. 


Recent  additions  to  the  ichthyological  fauna  of  California.  By  Carl 
H.  Eigenmann  and  Rosa  S.  Eigenmann.  Published  in  part  in  Proc. 
U.  S.  Nat.  Mus.  for  1892  and  in  part  in  the  Annals  New  York  Acad. 
Sei.  for  1892. 
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We  have  prepared  an  enumeration  of  the  fishes  occurring  on  the  Pacific 
coast  of  America,  north  of  Cerros  island,  and  to  the  depth  of  150  fathoms. 
The  explorations  of  the  U.  S.  Fish  Commission  steamer  Albatroes,  during 
the  last  three  years,  have  added  a  large  number  of  species  to  those  previ- 
ously known  from  this  region,  and  our  own  explorations  have  added  about 
as  many  new  forms  from  San  Diego  alone  as  were  discovered  by  the  Alba- 
tross along  the  whole  coast  included  in  the  present  paper.    These  additions, 


as  well  as  the  extension  of  the  habitat  of  many  species,  make  the  present 
list  desirable. 

Several  forms  have  recently  been  discovered  by  the  Albatross  in  deeper 
water.  Most  of  these,  however,  have  little  relationship  to  the  littoral 
fauna  and  the  deeper  water  has  not  been  sufficiently  explored  to  warrant  a 
list  at  the  present  time. 

We  have  placed  the  dividing  line  between  the  littoral  and  the  bathybial 
faunas  of  this  region  at  150  fathoms,  because  all  of  the  genera  so  far  recorded 
from  this  depth  have  representatives  in  the  shallower  water — fifteen  to 
fifty  fathoms.  Some  of  the  littoral  genera,  as  Sebastodes,  have  representa- 
tives in  deeper  water,  but  this  is  not  of  general  occurrence. 

Cerros  island  is  a  convenient  and  natural  southern  boundary  to  this 
region.  South  of  it  few,  if  any,  of  the  characteristic  genera  (Sebastodes,  genera 
of  Embiotocidae,)  of  this  region  are  found.  A  number  of  southern  forms 
extend  further  north,  but  the  number  has  not  been  materially  increased 
by  our  explorations  at  San  Diego;  on  the  other  hand  a  large  number  of 
northern  forms,  or  representatives  of  northern  forms,  which  had  not  been 
found  south  of  Point  Conception,  were  added  to  the  San  Diego  fauna.  The 
California  fauna  has  hitherto  been  divided  into  a  southern  and  a  northern  at 
Point  Conception.  This  division  was  the  result  of  insufficient  exploration, 
and  the  results  mentioned  above  have  made  it  evident  that  no  definite 
boundaries  can  be  assigned  for  a  northern  and  a  southern  California  fauna. 

It  is  quite  evident,  and  readily  admitted,  that  the  fauna  of  California  is 
distinct  from  the  Alaskan  fauna,  and  the  latter  has  been  added  for  conven- 
ience and  comparison  only.  But  four  of  the  species  found  at  San  Diego 
are  also  found  in  Alaska.  The  California  fauna  is  characterized  by  the 
abundance  of  species  of  Sebastodes,  of  Cottidi^  and  of  Embiotocidae.  The  last 
are  entirely  absent  from  Alaska,  while  only  a  few  species  of  Sebastodes  are 
found  here.  The  boundary  between  these  two  regions  lies  somewhere 
between  Siika  and  Puget  Sound.    No  Embiotocidae  are  found  at  Sitka. 

The  relative  number  of  species  at  the  ]>rinc)pal  localities  is  as  follows: 

The  whole  of  Alaska 109  species 

Puget  Sound KXi 

San  Francisco 155 

Monterey 149 

Santa  Barbara 110 

San  Pedro 82 

San  Diego,  including  Cortes  Banks 108 

There  are  known  from  the  entire  region  882  species,  belonging  to  228 
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genera.  Of  these  116  genera,  or  more  than  half,  are  also  found  in  the 
Atlantic  ocean,  and  thirty-two  species  are  found  both  in  the  Atlantic  and 
in  the  Pacific.  The  genera  having  species  in  both  oceans  practically 
all  belong  to  one  of  three  classes :  First,  Tropical  genera;  second,  Arctic 
genera,  whose  species  are  distributed  throughout  the  Arctic  seas;  third, 
Pelagic  and  other  genera  having  a  wide  distribution. 

Among  the  remarkable  additions  made  to  the  fauna  of  California  during 
recent  years  are  the  following: 

Bronchiostoma  elongatum,  which  had  been  recorded  but  once,  we  have 
found  in  large  quantities  at  San  Diego. 

Rhinoptera  encenadse,  based  on  a  fragment  of  a  jaw  found  at  Encenada. 

Perkinsia,  a  new  genus  of  herrings. 

Six  species  of  Scopelidae. 

The  albacore  Enthynnus  pelamys,  whose  nearest .  recorded  habitat  had 
been  Japan,  was  found  at  San  Diego. 


On  Indiana  siiuewm.    By  Amos  W.  Biti.kr. 

Among  the  smaller  mammals  is  a  group  of  small  forms  generally  known  as 
»hrews  or  mole  mice.  These  are  insect  eating  forms.  They  are  little  mouse- 
like bodies.  The  snout  is  quite  elongated,  extending  beyond  the  iDcisors 
some  distance.  It  is  naked,  and  on  its  sides  are  to  be  found  the  nostrils. 
Although  these  small  mammals  are  very  abundant  they  are  not  often  seen. 
They  are  doubtless  most  active  at  night  but  are  not  strictly  nocturnal,  for 
examples  are  sometimes  to  be  found  moving  about  in  the  bright  sunlight. 
They  feed  upon  such  animal  food  as  comes* in  their  way,  chiefly  grubs,  larvae, 
slugs,  terrestrial  insects.  They  are  very  pugnacious,  following  mice  into 
their  nests  and  often  attacking  them.  They  also  attack  and  kill  each  other, 
eating  the  carcass.  They  eat  almost  any  kind  of  animal  food,  but  of 
vegetation  eat  little.  They  are  said  to  be  fond  of  beechnuts,  and  will, 
when  starved  to  it,  eat  corn,  oats,  wheat  and  other  grains. 

In  confinement  they  have  been  known  to  attack  and  kill  mice  much 
larger  than  themselves.  Their  eyes  are  small,  and  while  not  covered,  they 
can  see  but  imperfectly.  Their  burrows  may  be  found  everywhere  beneath 
meadow,  pasture  and  lawn,  under  the  accumulated  vegetable  mould  of  the 
forest,  or  the  collection  of  decaying  weeds  of  the  thicket.    Anywhere  and 
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everywhere  their  small  tiiDDels  may  be  found.  In  no  respect,  that  I  know, 
are  they  injurious,  but  in  all  laborers  in  their  little  spheres  for  good.  It  has 
been  thought,  from  the  number  of  dead  shrews  that  are  sometimes  found, 
that  these  little  mammals  are  subject  to  epidemics. 

They  are  naked  and  blind  at  birth.  None  hibernate,  but  all  move  about 
in  the  coldest  weather.  Shrews  seem  to  be  rejected  as  food  by  other  ani- 
mals, on  account  of  an  unpleasant  odor  they  emit.  Often  have  I  known  a 
cat  to  catch  one  and  carry  it  about  for  some  time,  apparently  loth  to  give  it 
up,  but  never  eating  it  and,  in  the  end,  rejecting  it.  Many  superstitions  are 
prevalent  in  Europe,  particularly  in  Great  Britain,  regarding  these  little 
creatures  but,  so  far  as  I  know,  none  of  them  are  notable  in  the  folk-lore  of 
our  land. 

The  most  abundant  shrew  in  our  state,  and  perhaps  the  most  widely  dis- 
tributed in  the  United  States,  is  the  short-tailed  shrew,  Blarina  hrevicauday 
(Say).  An  interesting  account  of  a  nest  of  this  species  is  given  by  my  friend, 
Mr.  Charles  Dury,  of  Avondale,  Cincinnati,  Ohio,  in  a  letter  of  Dec.  28, 1891. 
The  notes  have  since  been  published,  (Journal  Cincinnati  Soc.  Nat.  Hist., 
1892,  p.  183),  and  I  give  tliem  here: 

"It  is  well  known  to  entomologists  that  some  very  curious  and  interesting 
insects  live  in  the  nests  of  mice  and  other  small  mammals.  December  i:{. 
1891, 1  went  out  to  hunt  nests  of  *  field  mice,'  in  hopes  of  finding  a  wonder- 
ful little  beetle,  called  Leptimiis  testaceous^  said  to  live  in  such  nests.  This 
species  was  an  especial  desideratum  to  me,  as  I  had  never  succeeded  in  find- 
ing it.  I  wentHo  an  old  orchard,  and  under  the  first  log  rolled  over  I  dis- 
covered a  nest  and  secured  a  mouse  as  she  rushed  out.  She  proved  to  be 
the  *  Short-tailed  Meadow  Shrew,*  Blarina  brevicauda^  (Say).  The  nest  was 
made  of  small  bits  of  leaves  of  the  sycamore  tree,  lined  with  grass  fibers, 
and  situated  in  a  hole  or  pocket  excavated  in  the  ground.  I  lifted  the  nest 
into  the  sifting  net  and  sifted  it  over  a  sheet  of  white  paper,  and  was  over- 
whelmed at  the  result.  The  fine  debris  was  a  jumping,  crawling  mash  of 
insect  life,  beetles,  lleas,  ticks  and  larv£e.  I  gathered  and  bottled  106  Lep- 
timns^  and  many  ran  over  the  edge  of  the  paper  and  escaped.  There  were 
over  a  hundred  large,  vicious  looking  fleas,  most  energetic  biters  (as  I  dis- 
covered from  those  that  secured  a  lodgment  in  my  clothing).  How  the 
mouse  could  live  in  such  a  den  is  a  mystery.  The  other  beetles  associateil 
with  Leptimus  were  Staph  tfUnidiv^  or  '  Rove  Beetles  *  of  species  new  to  me,  and 
so  far  I  have  been  unable  to  identify  them.  Leptimtis  is  a  small,  flat  beetle, 
of  a  pale  testiiceous  color,  one-eighth  inch  long,  without  any  trace  of  eyes.'' 


A  smaller  shrew,  which  seems  to  he  comparatively  common  in  Vigo 
county  and  is  found  in  the  Whitewater  valley,  is  Blarina  exilipei,  (Baird. ) 
This  shrew  is  locally  known  in  Vigo  county  as  the  ''Bee  Shrew,"  from  its 
habit  of  entering  the  hives  and  destroying  the  young  brood. 

A  form  from  Hanover,  JeiTerson  county,  which  is  about  the  size  of  the 
last  mentioned,  was  identified  by  Prof.  S.  F.  Baird  as  the  Cinereus  Shrew, 
Blarina  cinerea^  ( Bach . ) . 

From  Franklin  county  several  very  small  shrews  were  sent  to  Dr.  Elliott 
Coues.  He  pronounced  them  the  **Ijeast  Shrew,"  Blarina  parva,  (Say). 
The  species  had  remained  unknown  from  the  time  of  Say's  description. 
This  is,  perhaps,  the  smallest  mammal  in  the  United  States,  and  seems  to 
l^e  rather  common  in  the  Whitewater  valley, 

A  specimen  from  North  Manchester,  Wabash  county,  taken  by  Mr.  A.  B. 
Ulrey,  proves  to  be  the  Common  Shrew,  Blarina  plattfrhiwiSf  (DeK),  which 
has  not  before  been  found  in  the  state.  A  revision  of  our  shrews  will  prob- 
ably soon  be  undertaken,  and  it  is  very  much  needed  for  they  are  now  in  a 
verj'  tangled  condition.  Further  investigation  will  doubtless  add  other 
forms  to  our  fauna. 

There  are  three  species  described  by  Duvernoy  in  1842,  from  this  state, 
that  an^  not  now  known.    Thev  are : 

Brachj/sorex  harhini^  (Duver.),  New  Harmony,  Ind. 
BrachyBorex  hrevicantfatus,  (Duver.),  New  Harmony,  Ind. 
Amphisorex  kseifriif  (Duver.),  Wabash  valley,  Ind. 

1  should  like  to  request  all  who  have  specimens  of  shrews  and  other  small 
mammals  to  inform  me  of  that  fact,  and  to  urge  upon  all  our  members  the 
importance  of  obtaining  and  preserving  all  such  animals  they  can.  Espe- 
cially is  such  material  desirable  from  all  parts  of  the  Wabash  valley.  The 
specimens  may  easily  be  dropped  into  small  bottles  or  jars  of  alcohol  after 
being  tagged  and  marked,  in  lead  pencil,  with  date  and  locality  of  capture. 
A  little  co-operation  on  the  part  of  the  members  of  our  academy,  a  little 
thoughtf ulness  in  saving  what  is  thrown  in  our  way,  will  do  much  to  clear 
up  many  of  the  murky  places  in  our  nomenclature,  many  of  the  fogs  along 
the  lines  of  geographical  distribution. 
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NoThx  ON  Indiana  Bikds.     By  Amos  W.  Butlkji. 

Since  the  pablication  of  my  recent  paper  on  Indiana  birds*  several  valu- 
able notes  have  been  received,  relating  to  the  birds  of  the  state.  Besides 
these,  a  fuller  notice  of  some  of  the  brief  notes  given  in  the  paper  men- 
tioned may  be  worthy  of  note.  Not  only  is  much  additional  information 
needed  as  to  the  occurrence  of  birds  within  the  state,  but  also  it  is  of  great 
value  to  have  continued  observations  on  the  range,  breeding  range  and 
habits  of  birds.  From  the  results  of  such  work,  carefully  performed,  we 
may  map  the  range  of  birds  by  counties  and  even  by  townships,  and,  as  a 
result,  be  enabled  to  solve  many  of  the  knotty  and  unravelled  problems  of 
geographical  distribution.  One  of  the  labors  which  this  academy  may  well 
carry  on,  and  none  can  be  more  valuable,  is  a  biological  survey  of  the  state, 
carefully  and  sincerely  worked  out. 

Junco  hyemalia  shufeldti  (Ck)ale).  Shufeldt's  Junco.  The  specimen  of  this 
bird  taken  at  Lafayette,  and  reported  by  Dr.  Erastus  Test,  is  the  second  one 
taken  east  of  Illinois.  A  single  specimen  having  been  taken  in  Maryland 
near  Washington.  This  is  a  form  of  the  Rocky  Mountain  region  which 
seems  to  extend  its  range  southeastward. 

Ammodramus  hemlowii  (Aud.)  Henslow's  Sparrow.  Mr.  Ruthven  Deane 
informs  me  that  he  spent  a  day  in  July,  1891,  making  the  acquaintance  of 
Henslow's  Sparrows  at  Eoglish  Lake,  Ind.  He  reports  seeing  no  less  than 
twenty-five  specimens  and  says:  *^  two  of  us  kiUed  about  ten.  They  have 
been  there  all  summer."  Within  five  days  after  receiving  Mr.  Deane's  notes 
my  friend,  Mr.  Charles  Dury,  of  Avondale,  Cincinnati,  Ohio,  informed  me 
of  a  visit  of  two  friends  of  his  to  English  Lake  in  July  and  August.  He  said 
they  found  Henslow^s  Sparrows  rather  common  and  breeding,  and  took 
some  specimens,  including  some  young  birds.  An  adult  taken  there  was 
kindly  presented  to  me  by  Mr.  Ralph  Kellogg,  one  of  the  collectors.  Upon 
inquiry,  I  learned  that  these  gentlemen  and  a  friend  visited  the  same 
locality  noted  by  Mr.  Deane,  and,  further,  that  they  were  acquainted  and 
had  collected  in  the  same  meadows. 

Cistoihorm  steliaris  (Licht).  Short-billed  Marsh  Wren.  I  am  under  obliga- 
tions to  Mr.  Deane,  to  whom  I  am  indebted  for  many  valuable  notes,  for 
sotne  observations  on  the  breeding  of  the  Short-billed  Marsh  Wren  in  the 
state.  He  says  an  employe  at  their  club  house  at  English  lake  brought  in 
a  nest  taken  there  two  or  three  years  ago.    In  Mr.  G.  Frean  Morcom's  col- 


^'Thc  Birds  of  ladiaaa,  with  illustrations  of  many  of  the  species,  by  Amos  W.  Butler. 
(Transactions  Indiana  Horticultural  Society,  18iX).) 


1(15 

lection  is  a  set  of  five  eggs  of  this  species,  taken  at  Davis  Station,  Ind., 
June  3d,  1887.  Mr.  C.  E.  Aiken  informs  me  he  found  them  in  marshes 
bordering  sloughs  in  Lake  county,  in  1871. 

Protonotaria  cUrea  (Bodd)— Prothonotary  Warbler.  I  desire  to  express  my 
appreciation  of  the  work  of  Mr.  Herbert  W.  McBride  in  exploring  the 
counties  of  Elkhart,  Lagrange  and  Steuben,  in  Indiana,  and  St.  Joseph 
county,  Michigan,  thereby  adding  materially  to  our  knowledge  of  the  range 
of  the  birds  in  that  region,  and  especially  in  extending  the  known  range 
of  the  Prothonotary  Warbler  into  all  of  these  counties.  It  was  found  com- 
monly in  all  but  Steuben.  This,  with  Mrs.  Jane  L.  Hine's  discovery  of  the 
species  in  DeKalb  colinty,  is  very  interesting  to  students  of  bbd  distri- 
bution. 

For  the  following  notes  I  am  indebted  to  Mr.  C.  E.  Aiken,  of  Salt  Lake 
City,  Utah,  well  known  for  his  zoological  investigations  in  Colorado.  He 
formerly  lived  in  Chicago  and  collected  in  northwestern  Indiana,  in  186<>- 
7-9  and  71,  and  occasionally  in  later  years : 

Ardea  egrdta  ((jmel) — American  Egret.  Mr.  Aiken  informs  me  it  breeds 
on  the  Kankakee  river,  near  Water  Valley,  Ind. 

Charadrim  Bquaiarola  (L)— Black-bellied  Plover.  One  was  killed  by  Mr. 
Aiken,  in  Lake  county,  in  1871. 

Contopus  borealis  (Swains)— Olive-sided  Flycatcher.  Not  rare  in  Lake 
county  where  I  obtained  a  number  of  specimens  in  1871.    (Aiken.) 

Xanthoccphabis  xantliocephafus  (Bonap — ) Yellow-headed  Blackbird.  Found 
abundantly  along  the  Calumet  river,  in  Lake  county,  in  1871.     (Aiken.) 

Cocc()thraui*te8  vesperiina  (Coop) — Evening  Grosbeak.  A  large  number  of 
specimens  were  obtained  near  Whiting  Station,  Ind.,  in  1886-7,  by  Mr.  K. 

_  • 

A.  Turtle,  of  Chicago.    (Aiken.) 

Loxia  curvirostra  minor  (Brehm)  -American  Crossbill.  One  of  the  most 
interesting  of  Mr.  Aiken's  notes  is  one  of  the  occurrence  of  the  crossbills  in 
the  extreme  heat  of  summer,  in  the  vicinity  of  Chicago  and  northwest 
Indiana.  Of  the  American  Crossbill  he  says :  **  In  July  and  August,  1809, 
this  bird  became  very  abundant  in  the  door  yards  in  Chicago,  and  remained 
until  late  in  the  fall.  They  fed  greedily  upon  seeds  extracted  from  sun- 
Howers  and  were  so  sluggish  that  one  could  approach  within  a  few  feet  of 
them,  so  that  they  fell  an  easy  prey  to  boys  with  catapults.  In  the  latter 
part  of  August,  of  the  same  year,  I  found  them  common  in  fiockH  about 
farm  yards  in  Lake  county,  Indiana. 

Loxia  leu&tptera  (Gmel) — White-winged  Crossbill.    Accompanied  the  pre- 


ceding  species,  in  ISdM,  and  remained  through  the  winter.  Noticed  inLake 
comity  preceding.    ( Aiken. ) 

Ammodramus  hconteii  (And) — Leconte's  Sparrow.  I  am  pleased  to  be  able 
to  note,  upon  the  authority  of  Mr.  Aiken,  the  occurrence  of  this  bird  in 
northwest  Indiana.  About  April  loth,  1887,  he  observed  two  birds  which 
he  thought  were  this  species  at  Water  Valley.  About  the  same  time  in 
1889,  near  the  same  place,  he  saw  three  of  what  appeared  to  be  the  same 
birds.    Two  of  them  were  shot  and  proved  to  be  this  species. 

Oeothlypu  formoaa  ( Wils) — Kentucky  Warbler.  Mr.  Aiken  is  able  to  ex- 
tend the  range  of  tliis  species  as  for  as  Gibson  Station,  Ind.,  where,  he 
says,  several  specimens  were  taken  in  May,  1887. 

In  addition  might  be  added  that  the  extreme  dryness  of  the  fall  for  the  past 
two  years  has  had  a  noticeable  effect  in  lessening  the  number  of  marsh  birds 
and  water  fowl  throaghout  the  part  of  the  state  where  shooting  such  game 
is  extensively  indulged  in.  Rail,  snipe  and  duck  shooting  has  been  worth- 
less the  past  two  autumns.  Birds  were  few,  for  their  favorite  haunts  were 
unsuited  to  their  wants.  Marshes  and  sloughs  were  dry,  as  were  the 
creeks.  Much  of  the  lakes  had  disappeared,  leaving  instead  *'  mud  flats." 
Many  species,  ordinarily  common,  were  rare  and  others  altogether  wanting. 
The  open  winters  two  years  past  and  so  far  this  winter,  have  encouraged 
many  species  which  ordinarily  pass  the  winter  further  south  to  remain  with 
us,  and  other  species  which  stay  in  winter  in  limited  numbers  have  re- 
mained in  quantities. 


Some  xoTra  on  the  iurds  ok  Indiana.     B}'  R.  Wes  McDkidk. 

Loon,  Urinator  im6er,  Gunn.  Mr.  A.  W.  Butler,  in  his  admirable  and  ex- 
cellent catalogue  of  the  birds  of  Indiana,  says  of  the  Loon,  or  Great  North- 
em  Diver :  '^I  have  no  knowledge  of  their  breeding  within  the  state,  al- 
though they  will  probably  be  found  to  do  so."  I  can  personally  testify 
that  it  is  a  summer  resident  of  Steuben  county,  and  that  it  breeds  in  at 
least  two  of  the  many  beautiful  lakes  of  that  county.  Their  eggs  have  been 
taken  at  Lake  James  and  Crooked  Lake.  I  have  been  familiar  with  those 
lakes  for  more  than  twenty  years,  and  have  never  failed  to  find  them  there 
in  summer.  I  have  also  seen  them  in  the  breeding  season  in  Hamilton 
Lake  and  Ci  olden  I^ke,  also  in  Steuben  county ;  in  Turkey  Lake,  on  the 
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line  between  Steuben  and  Lagrange  counties,  and  in  Bear  Lake,  Noble 
county. 

Yellow-bellied  Wood-pecker,  Sphyrapicm  variiufy  L.  Is  said,  in  the  cata- 
logue, to  have  bred  rarely,  if  at  all,  in  DeKalb  county  since  1888.  Herbert 
W.  McBride  found  a  nest  with  three  eggs  near  Waterloo,  May  13, 1889. 

Bobolink,  DoHchonyx  oryzivorus  L.  Ten  years  ago  this  bird  was  very  rare 
in  DeKalb  and  Steuben  counties.  Now  it  is  a  common  summer  resident 
and  breeds  in  both  counties.  It  is,  however,  still  very  rare  in  Elkhart 
county,  only  a  short  distance  west,  with  the  apparent  conditions  not  ma- 
terially 4jfferent. 

Brown  Creeper,  Certhia  famUiari»  americanaf  Bp.  Of  this  bird  Mr.  Butler 
says:  "I  have  never  known  it  to  breed  in  the  state,  but  Mr.  H.  W.  Mc- 
Bride thinks  it  breeds  in  DeKalb  county."  I  can  say  positively  that  I  know 
it  breeds  in  Steuben  county.  In  my  note-book  I  find  the  following  under 
date  of  May  8th,  1882:  **  Brown  Creeper;  taken  near  Golden  Lake,  Steu- 
ben county,  Indiana.  Nest  in  crevice,  where  the  bark  had  started  from  a 
dead  tree,  abou^  four  feet  from  the  ground,  in  a  swampy  tract  in  "  Crane 
town."  Nest  composed  of  sticks,  bark  and  feathers.  Six  eggs,  beauties. 
Incubation  commenced.  Embryos  about  half  developed."  I  have  a  very 
distinct  recollection  of  the  matter.  The  "  Crane  town ''  referred  to  in  the 
note  is  a  heronry  which  we  were  exploring.  The  water  was  high  and  we 
were  in  a  boat.  I  placed  my  hand  against  a  tree  to  push  the  boat  past  it, 
when  the  bird  flew  off  the  nest,  which  was  within  a  few  inches  of  my  hand. 
The  bird  remained  near  me  until  after  1  had  secured  the  eggs  and  exam- 
ined the  nest.  The  appearance  and  characteristics  of  the  Brown  Creeper 
are  so  marked  that  it  could  hardly  be  mistaken  for  any  other  bird.  I  could 
not  possibly  be  mistaken  in  its  identification.  In  addition  to  this,  the  lo- 
cation and  construction  of  the  nest  and  the  eggs  themselves  are  all  typi- 
cal and  characteristic. 

Another  nest  and  set  of  eggs  were  taken  in  May,  18.s:i,  at  Fox  Lake,  near 
Angola,  by  my  sons,  Charles  H.  and  Herbert  W.  The  identification  in  this 
ciise  WSH  as  satisfactory  and  unmistakable  as  in  the  other.  Since  that  time, 
while  I  have  frequently  seen  them  during  the  breeding  season,  both  in 
Steuben  and  DeKalb  counties,  I  have  found  no  other  nests. 

Tufted  Titmouse,  PartiH  hicolor,  L.  Is  noted  in  the  catalogue  as  an  occa 
sional  straggler  in  northern  Indiana.  It  breeds  in  Elkhart  county.  June 
12th,  1891,  Herbert  W.  McBride  found  a  nest  near  Elkhart  containing  seven 
young  birds. 


TlIK  SC  ALBS  OF  LEPIDOI'TEKA.       By  M.   B.  TlloMAS. 


The  .KiiERiA  OF  <'ENTKAL  ( )ni<).     By  I).  S.  Kellkott. 


Some  insects  of  Tasmania.     By  F.  M.  Webstkr. 

[a»stka<t.] 

Although  occupyinfi:  a  position  in  the  southern  hemisphere  similar  as  to 
latitude  to  the  northern  half  of  Indiana  and  southern  Michigan,  the  insect 
fauna  more  nearly  resembles  that  of  southern  Texas,  being  strikingly  semi- 
tropical.  In  the  vicinity  of  Hobart,  during  the  last  of  January,  a  season 
corresponding  to  our  August,  Phytophagus  coleoptera,  especially  of  the 
Chrysomelidie  and  Rhynchophora,  were  very  abundant,  while  carniv- 
orous species,  though  strikingly  poorly  represented,  included  several  Coc- 
cinellida?  and  one  Lepidopterous  species— a  rare  object  in  any  country.  A 
noticeable  feature,  but  one  peculiar  to  island  insects,  was  the  lack  of  flying 
species  along  the  coast. 

A  single  butterfly,  swift  and  strong  of  wing,  was  the  only  capture  made  in 
Lepidoptera.  Another  feature  of  island  insects  was  noticed  in  the  prepon- 
derance of  species  of  a  bronzy  or  yellowish  color.  The  young  euculyptus 
trees  afford  a  rich  field  for  collectors  during  the  summer  season. 


Early  published  kekkrencfs  to  ix.iuiuors  inskcts.      Bv  F.  M.  Webster. 


The  roNTiNUiTY  of  the  okrm  iM.AS>r  in  vertebrates.     By  Carl  H.  Eigkn- 

mann.    Published  in  part  in  the  Journal  of  Morphology,  pp.  4S1-492, 

plate  XXXI,  1.S92,  under  the  title  "  On  the  precocious  segregation  of 

the  sex- cells  in  Micromftrus  aggretaius  Gibbons." 

The  theory  of  the  continuity  of  the  germ  plasm  as  finally  formulated  by 

Weismann  assumes  that  '^  there  is  not  only  a  continuity  between  the 

ovum  which  gives  rise  to  parent  and  the  ovum  which  gives  rise  to  the  oflf- 

spring"  but  in  the  successive  generations  between  the  ovum  which  pro- 


duces  the  parent  and  the  ovam  which  produces  the.ofikpring  the  character 
of  the  original  ovum  is  never  lost  by  differentiation.  There  is  then  a  con- 
tinuous chain  of  reproductive  cells  quite  apart  from  the  body  cells  or 
more  frequently  a  series  of  body  cells  through  which  the  unchanged  germ 
plasm  of  the  parent  is  transmitted  to  future  generations.  The  germ  cells 
are,  therefore,  not  the  product  of  the  adult  body  but  the  direct  offspring 
from  the  germ  cell  of  the  preceding  generations. 

The  observations  bearing  out  much  of  this  theory  have  been  mostly  con- 
fined to  invertebrates.  All  of  our  works  on  the  comparative  anatomy  of 
vertebrates,  as  well  as  our  works  on  embryology,  tell  us  that  the  sexual  or- 
gans in  vertebrates  arise  from  the  germinal  epithelium  which  is  not  differ- 
entiated until  the  embryo  is  completely  formed.  The  most  lucid  descrip- 
tions of  the  early  stages  were  given  by  Balfour  for  Elasmobranchs  ten 
years  ago,  and  the  latest  observations  published  by  Jungersen  in  1880  have 
not  given  anjrthing  concerning  the  stages  less  than  two  millimeters  long. 

While  preparing  the  sections  for  the  ontogeny  of  Cymatog(i9ter  aggregatus^ 
one  of  the  viviparous  Embiotocidae,  I  frequently  observed  large,  indifferent 
cells  in  the  mesoblast.  I  at  first  supposed  them  to  be  cells  in  a  pathologi- 
cal condition.  When,  however,  all  the  eggs  from  one  ovary  were  observed 
to  contain  such  cells,  I  re-examined  every  embryo,  and  soon 'found  that  the 
cells  are  not  pathological,  but  are  a  normal  structure  present  in  all  embryos 
of  a  certain  age.  Further  study  showed  them  to  be  sex-cells  of  the  future 
germinal  epithelium.  Our  knowledge  of  the  early  stages  of  the  sex-cells 
of  vertebrates  does  not  extend  back  beyond  the  condition  described  by 
Balfour  and  JuDgersen.  In  the  present  study  I  have  been  able  to  trace 
them  back  to  probably  the  fifth  segmentation. 

Our  knowledge  of  the  sex-cells  in  general  has  been  summed  up  by  Weis- 
mann  as  follows :  *'  In  certain  insects  the  development  of  the  egg  into  the 
embryo,  that  is,  the  segmentation  of  the  egg,  begins  with  the  separation  of 
a  few  small  cells  from  the  main  body  of  the  egg.  These  are  the  reproductive 
cells,  and  at  a  later  period  they  are  taken  into  the  interior  of  the  animal 
and  form  its  reproductive  organs.  Again,  in  certain  smaller  fresh-water 
Crustacea  (Daphnida?)  the  future  reproductive  cells  become  distinct  at  a 
very  early  period,  although  not  quite  at  the  beginning  of  segmentation,  i.  t\ 
when  the  egg  has  divided  into  not  more  than  thirty  segments.  Here  also 
the  cells  which  are  separated  early  form  the  reproductive  organs  of  the 
animal.  The  separation  of  the  reproductive  cells  from  those  of  the  body 
takes  place  at  a  still  later  period,  viz.  at  the  close  of  segmentation,  in  Sag- 
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itta,  a  pelagic  free-swimming  form.  In  vertebrata  they  do  not  become  dis- 
tinct  from  the  cells  of  the  body  until  the  embryo  is  completely  formed/' 
It  will  be  seen  that  in  some  vertebrates  ( O/mato^osfer)  a  similar  segregation 
of  "  germ  plasm ''  takes  place  quite  early.  In  brief,  the  sex-cell8  of  Cymato- 
ifoster  first  become  normally  conspicuous  in  the  mesoblast  where  the  germ 
layers  are  fused  before  any  protovertebm*  are  formed.  They  can  be  seen 
in  earlier  stages,  but  they  do  not  stand  out  so  prominently  from  the  other 
cells.  In  exceptional  cases,  the  sex- cells  can  be  traced  back  to  probably 
the  Jifth  segmentation. 

The  sex-oells  can  first  be  distinguished  from  the  surrounding  cells  about 
the  time  the  blastopore  closes.  The  earliest  ones  distinguishable,  exclu- 
sive of  abnormal  cases,  are  from  an  ovary  in  the  eggs  of  which  the  blasto- 
pore is  not  yet  closed,  or  is  just  closed  and  in  which  the  mesoderm  is  not 
yet  split  off  from  the  entoderm.  Only  two  cells  which  can  with  certainty 
be  said  to  be  sex-cells  are  seen  in  one  of  these  eggs.  They  differ  from 
the  surrounding  cells  in  having  well-defined,  rounded  outlines,  and  in 
the  distribution  of  the  chromatin  in  the  nucleus.  The  chromatin  of  the 
surrounding  cells  is  collected  in  one,  or,  if  the  cells  are  undergoing  divis- 
ion, in  two  or  three  masses.  The  chn^matin  of  the  sex-cells  is  uni- 
formly distributed  in  small  granules. 

In  the  eggs  of  another  ovary,  in  which  thickenings  are  formed  for  some 
distance,  and  the  mesoblast  is  separated  from  the  entoderm  by  a  well- 
marked  line,  the  sex-cells  stand  out  from  the  surrounding  cells  with  great 
prominenc^e.  This  is  not  due  to  any  marked  change  in  the  sex-cells  them- 
selves, but  rather  to  the  fact  that  the  surrounding  cells  have  undergone 
further  division  and  are  crowded  so  that  the  boundaries  are  not  defined, 
while  those  of  the  rounded  sex-cells  are  well  marked. 

The  largest  and  most  connpicuous  cell  of  this  stage  lies  in  the  mesoblast 
just  bfside  the  chorda.  It  measures  18x23  m,  and  has  a  nucleus  measuring 
about  6  in.  On  comparing  this  with  segmenting  eggs,  it  is  found  that 
it  agrees  in  size  with  some  of  the  cells  of  an  egg  undergoing  the  ninth  seg- 
mentation and  in  all  probability  it  is  a  cell  remaining  unchanged  from  that 
stage.  It  contains  yolk  particles.  Most  of  the  sex-cells  are  collected  in  a 
limited  region  at  this  stage  in  the  thickened  portion  of  the  embryo,  where 
the  three  germ  layers  fuse.  This  would  lend  force  to  the  supposition  that 
they  are  derived  from  two  cells  at  most— one  dextnil  and  one  sinistral. 
There  are  a  few  scattered  cells  in  other  parts  of  the  embryo  which  cannot 
be  so  derived  unless  they  early  mif?rate  from  their  original  position. 
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There  are,  on  an  average,  thirteen  sex-cells  in  an  egg  of  this  stage.  The 
largest  number  noticed  is  seventeen,  the  smallest  nine. 

In  a  larva  just  hatched,  the  longest  diameter  of  which,  measuring  in  a 
straight  line,  is  0.45  mm.,  there  are  ten  sex-cells.  In  this  embryo  about 
nine  protovertebne  have  been  formed.  Most  of  the  sex-cells  are  large,  the 
largest  having  a  diameter  of  28  7?i,  with  a  nucleus  of  H  r/i.  The  smallest  cell 
measures  but  1 1  Dt  in  diameter.  The  dUtrihution  of  these  cells  has  become 
markedly  changed  from  the  conditions  obtaining  in  the  two-protovertebne 
stage.  Two  of  the  cells,  in  the  embryos  examined,  are  found  in  the 
(!ephalic  region,  one  on  either  side  a  short  distance  posterior  to  the  or- 
igin of  the  chorda.  The  remainder  are  distributed  as  follows:  one  below 
the  seventh  sinistral  protovertebra;  three  in  the  left  side  of  the  tail,  t.  e. 
in  the  re^on  in  which  protovertebrae  have  not  yet  appeared ;  and  three  in 
the  right  side  of  the  tail. 

The  cells  in  this  stage  stain  deeper  and  much  more  uniformly  than  the 
surrounding  cells  with  Grenacher's  ha'matoxylin.  They  greatly  resemble 
the  very  early  conditions  of  these  cells,  and  the  number  would  seem  to  in- 
dicate that  there  han  been  no  segmentation  since  the  two-protovertebra> 
stage.  In  other  larva*  of  the  same  stage  there  are  ten,  eight,  five,  and  nine 
cells,  respectively. 

In  larvtT  2.5  mm.  long  there  are  fourteen  to  sixteen  cells  and  the  num- 
ber cannot  have  been  increased  much  since  their  earliest  condition,  even  if 
we  assume  that  two  or  more  have  been  lodged  in  the  gill  region,  and  two 
in  the  anterior  part  of  the  body.  The  majority  of  the  cells  in  this  larva 
are  confined  to  a  region  only  0.20  mm.  long;  and  if  we  consider  the  doubt- 
ful cells  in  the  anterior  region,  the  total  length  over  which  these  cells  are 
distributed  is  about  0.50  mm.  from  the  anus  forward.  The  sex-cells  in  this 
stage  measure  i)-lo  ///.  Balfour's  admirable  account  of  these  *'  primitive 
ova''  (Elasmobranch  Fishes,  pp.  130-130)  might  almost  be  used  bodily  to 
describe  the  same  structures  in  Cymntoganter  and  Ahcona  2.5  mm.  long. 
He  observed  that  the  younger  ones  contain  many  yolk  spherules,  and  sug- 
gests that  the  cells  themselves  may  have  migrated  to  their  position  from  a 
peripheral  portion  of  the  blastoderm,  since  *'  they  are  the  only  mesoblast 
cells  filled  at  this  period  with  yolk  spherules."  He  was  at  a  loss  as  to  how 
they  arose,  and  thought  he  could  detect  cells  intermediate  in  size  between 
them  and  the  neighboring  cells.  As  has  been  seen,  the  yolk  particles  sim- 
ply remain  unchanged  from  the  original  condition  when  the  sex- cells  are 
segregated. 
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Several  figures  would  seem  to  iodicate  that  one  of  the  larger  cells  of  an 
early  stage  divides  and  gives  rise  to  the  groups  of  smaller  cells  in  a  later 
stage.  This  can  scarcely  be  the  case,  since  the  number  of  cells  in  the 
earlier  and  later  stages  are  about  ecjual,  unless  a  number  of  the  earlier  cells 
atrophy  or  are  resorbed.  The  loss  of  four  cells,  two  in  the  gill  region,  and 
two  in  the  region  of  the  fifth  body  somite,  is  probable,  but  even  with  the 
addition  of  these,  the  number  of  cells  in  the  last  stage  examined  does  not 
exceed  the  average  number  in  early  stages  when  the  cells  are  quite  large. 
The  reduction  in  size  can,  therefore,  be  explained  only  by  supposing  that 
the  individual  cells  are  reduced  in  size  during  development.  It  would  be 
interesting  to  consider  here  the  causes  that  lead  these  sex-cells  to  again 
grow  and  divide.  Since,  however,  this  process  does  not  begin  in  the  stages 
under  consideration,  this  matter  must  be  left  till  later  stages  are  examined. 


BiouKiKAL  Stations.     By  Carl  H.  EuiEXMAXN. 

The  early  naturalists  noted  briefly  the  animals  and  plants  they  saw  at 
home  or  abroad.  A  few  centuries  later  they  added  figures  to  their  enumera- 
tiouH.  Later  still  skins  were  preserved,  and  last  of  all  the  whole  animals 
were  preserved,  gathered  into  large  museums,  where  they  soaked  and  rotteci 
twenty- five  years,  perhaps,  before  some  one  came  along  to  study  them. 
Some  of  our  ornithologists  and  conchologists,  and  even  some  ichthyologists 
have  not  yet  passed  beyond  this  skin  stage  in  their  development.  Many 
others,  on  the  other  hand,  have  passed  this  last  stage  and  have  ceased  to 
contt-nt  themselves  with  the  catalogueing  of  specimens  and  now  study  the 
method,  whys  and  wherefores  of  the  things  about  them. 

This  school  was  established  when  Johannes  Miiller  first  dipped  a  net  for 
pelagic  animals.  When  it  was  found  that  the  hows,  whys  and  wherefores 
could  best  be  studied  in  the  lowest  creatures,  naturalists  flocked  to  the  sea 
shore,  at  first  during  their  vacations.  As  methods  for  study  increased  anil 
apparatus  multiplied  permanent  ^farine  Biological  Stations  were  evolved. 
First  of  these  were  the  Naples  Zoological  Station  and  Agassiz's  School  at 
Penikese,  both  established  in  1H7'X  The  aims  of  the  two  were  slightly 
different.  The  Naples  station  was  for  original  investigation.  The  Penikese 
school  it  was  hoped  would  awaken  an  interest  in  zoology  in  America.  There 
are  now  a  large  number  of  stations  along  the  European  coast,  some  large 
and  some  small,  but  it  is  not  the  intention  to  speak  of  these. 
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Peoikeee  died  with  Agassiz.  I  have  lately  been  on  a  pilgrimage  to  the 
old  baildings.  The  motto  "  eat,  drink  and  be  merry  "  still  hangs  in  the  old 
dining-hall.  On  the  walls  of  the  lecture-room  are  the  mottoes  placed  there 
by  Agassiz's  pupils:  "A  laboratory  is  to  me  a  sanctuary.  I  would  have 
nothing  done  in  it  unworthy  its  great  author."  "Study  to  translate  what 
actually  exists.  Be  courageous  enough  to  say  '  I  do  not  know/ ''  and  *'  Study 
nature  not  books."  The  outlines  of  the  last  lecture  delivered  at  Penikese 
eighteen  years  ago  are  still  on  the  blackboard.  At  this  window  Dr.  Whit- 
man stuffed  terns,  at  the  other  Dr.  Brooks  cracked  clams  and  at  another  Dr. 
Jordan  studied  seaweeds. 

Penikese  had  been  donated  and  the  buildings  erected  by  a  tobacco  mer- 
chant, Andersoo,  of  New  York.  It  was  found  that  the  location  was  too 
inaccessible  and  the  fauna  of  the  island  too  poor  so  that  the  $30,000  buildiogs 
were  abandoned  for  less  commodious  but  more  favorably  situated  quarters. 
There  are  at  present  several  marine  laboratories  on  the  coast  of  America, 
and  several  summer  schools  which  are  located  on  the  seashore,  and  do  a 
certain  amount  of  marine  biological  work. 

In  1881  a  number  of  Boston  women  established  a  laboratory  at  Annis- 
quam,  Mass.,  where  students  and  teachers  could  work  during  the  summer. 
These  ladies  were  afterwards  instrumental  in  the  foundation  of  the  Marine 
Biological  Association  whose  laboratory  is  at  Woods  Roll  on  Vineyard  Sound. 

Alexand«'r  Agassiz  several  years  ago  built  the  Newport  Marine  Labora- 
tory, to  which  he  has  frequently  invited  students.  Here  the  advanced 
students  of  Harvard  University  work  duriog  the  summer.  This  laboratory 
is  the  best  equipped  of  any  in  the  United  States,  but  it  is  practically  private 
and  has  room  for  but  eight  students. 

The  United  States  Fish  CommiBsion,  after  spending  several  summers  at 
various  places  on  the  Atlantic  finally  built  a  permanent  station  at  Woods 
Holl.  This  is  by  far  the  largest  station  in  America  and  it  was  Professor 
Baird's  hope  and  intention  to  make  it  the  equal  of  the  famous  station  at 
Naples.  But  the  elaborate  laboratories,  aquaria,  docks,  boats  and  large 
hotel  did  not  attract  the  men  it  was  hoped  to  collect. 

Another  laboratory  has  lately  been  established  on  Long  Island,  but  of  this 
nothing  definite  can  be  said  yet.  Still  another  has  been  established  by 
the  University  of  Pennsylvania. 

This  brings  us  back  to  the  station  of  the  Marine  Biological  Association 
which  deserves  a  better  notice. 
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It  is  by  far  the  most  important  in  its  scope,  aims,  methods  and  future 
prospects.  It  is  chiefly  supported  by  the  munificence  of  Boston  people. 
The  buildings  consist  at  present  of  the  laboratory  and  the  newly  acquired 
dwelling  house.  The  north  side  of  the  upper  floors  is  divided  into  small 
rooms  7x10  feet.  Each  of  these  is  supplied  with  a  table,  an  aquarium, 
sink,  shelves  and  a  full  set  of  reagents  and  glassware.  These  rooms  are  oc- 
cupied by  investigators  doing  independent  work  and  are  offered  free.  The 
remaining  portion  of  the  second  floor  is  occupied  by  the  library,  the 
director's  rooms,  reagent  room  and  the  laboratory  of  the  advanced  stu- 
dents. The  lower  floor  by  the  lecture  room  and  laboratory  for  students 
most  of  whom  are  teachers  at  one  place  or  another. 

This  is  the  Mecca  of  the  modem  school  of  naturalists,  and  there  are 
collected,  at  this  place,  teachers  and  students  from  all  the  leading  institu- 
tions. 

The  laboratories  for  students  are  open  during  July  and  August.  Investi- 
gators come  earlier  and  stay  later. 

In  enumerating  what  has  been  done  on  the  east  coast  it  is  perhaps  well 
to  state  what  may  be  done  on  our  west  co:ist.  Our  eastern  laboratories 
necessarily  close  during  winter.  On  the  Southern  California  coast  where 
the  thermometer  never  records  the  freezing  point  ice  does  not  drive  the 
investigator  away  in  winter.  The  boundless  wealth  of  the  fauna  and  flora 
together  with  the  favorable  climate  will  doubtless  sometime  attract  to  this 
region  a  number  at  least  the  equal  of  that  now  collected  at  Woods  Hull  or 
Naples.  At  present  the  sole  marine  station  on  the  whole  coast  is  my  little 
laboratory  at  San  Diego  w^hich  is  a  mile  from  the  shore  and  the  windows  ot 
which  are  now  nailed  up. 

I  have  before  [San  Francisco  Chronicle,  November  :K),  1.S90.]  urged  the 
establishment  of  marine  laboratories  on  the  west  coast  where  they  can  equal 
the  Naples  station  and  it  is  to  be  hoped  that  one  may  soon  be  endowed  not 
only  for  elementary  work  but  for  original  research  with  a  permanent  corps 
of  investigators. 

P.  S.— Since  this  was  written  Timothy  Hopkins  has  endowed  a  marine  lab- 
oratory'to  be  established  at  Monterey,  and  Adolph  Sutro  will  maintain 
another  at  the  entrance  of  San  Francisco  Bay.  Who  will  utilize  the  best 
locality— San  Diego? 
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TiiK  BYES  OF  BLIND  F18U.    By  Carl  H.  Eigknmann.    PubHshed  in  Proc.  U. 
S.  Nat.  Mu8.  for  1892,  with  plates. 

(abstra<t.1 
Whenever  the  conditions  are  favorable  blind  fishes  are  developed.  These 
are  always  related  to  species  inhabiting  neighboring  open  waters.  Blind 
fishes  are  found  in  caves,  in  the  deep  sea,  and  at  San  Diego  one  lives 
beneath  rocks.  While  such  regions  usually  contain  blind  fishes  not  all  the 
fishes  inhabitiug  these  regions  are  blind.  Many  species  found  in  the  deeper 
parts  of  the  ocean  have  well  developed  eyes,  while  others  living  in  shal- 
lower water  are  blind.  The  explanation  for  this  fact  probably  lies  in  the 
length  of  time  a  given  species  has  inhabited  the  present  locality.  In  all 
blind  fishes  the  eyes  have  undergone  a  process  of  degeneration.  This  is 
very  strikiogly  seen  in  the  development  of  the  Point  Loma  blind  fish,  Typh- 
logobiu  califomienm  Steindachner.  The  embryo,  before  it  is  hatched,  has 
eyes  as  well  developed  as  the  embryo  of  any  other  fish.  When  the  indi  • 
viduals  have  reached  the  length  of  an  inch  they  can  still  see  a  short  distance, 
but  it  is  evident  that  the  eye  has  stopped  growing  long  before  this  age 
is  reached.  In  the  adult  condition  the  eye  has  become  degenerate  and 
covered  with  a  thick  skin,  and  the  fish  is  totally  blind. 


Ox    TIlK     I'KKSKNCK    <»K    AN    Ol'EKdLlJM    IN    TIIK    AM'KKI)INIJ).K.       By    CaRI.    H. 

Ei<;knmann.     Published  in  American  Naturalist,  January,  180*J,  p.  71, 
plate  VI. 

[ABSTIlAf  T.  j 

In  our  "Revision of  the  South  American  Nematognathi,"  ^p.  9)  we  de- 
fined the  Bunocephalidiu — Aspredinida-  as  having  no  opercle.  In  this  we 
followed  Cope,  who  separated  the  Aspredinidso  from  the  remaining  Nenia- 
tognathi  by  their  lack  of  an  opercle. 

We  have  lately  obtained  a  specimen  of  Aqwedo  aspredo  Linnaeus  from  the 
Museum  of  Comparative  Zoology,  and  have  re-examined  this  point.  The 
closer  inspection  has  demonstrated  the  presence  of  a  minute  operculum  at- 
tached to  the  upper  posterior  border  of  the  expanded  hyomandibular.  It 
is  movable  in  moist  preparations  but  becomes  immovably  fixed  with  dry- 
ing, which  may  have  led  to  the  original  statement.  The  interopercle  is 
about  as  large  as  the  opercle,  and  apparently  immovably  joined  to  the  hy- 
amandibular  and  preopercle.  (The  skull  of  this  species,  with  the  suspen- 
sorium,  was  figured.) 
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A  KKviKw  OK  THE  Emiuotocid  K.    By  A.  B.  Vlkky.    In  press,  Report  of  the 
U.  S.  fish  commission. 

[ABSTUA(.T.| 

On  examining  specimens  of  this  famUy  and  the  literature  bearing  on  the 
subject,  I  find  the  following  species,  with  their  localities : 

1.  Hypanrus  caryi  Agassiz.  Habitat:  Coast  of  California  from  San 
Diego  to  San  Francisco. 

*J.  Damalichthys  argyrosomus  (Tirard.  Habitat:  Pacific  coast  from  San 
Diego  to  Vancouver  Island. 

8.  Hyperprosopon  analis  A.  Agassiz.  Habitat:  Port  Harford  to  San 
Francisco.    Rare. 

4.  Hyperprosopon  argenteus  Gibbons.    Habitat :   Astoria  to  Encenada. 

5.  Hyperprosopon  agassizi  Gill.    Habitat :    Coast  of  California. 

i'K  Holconotus  rhodoterus  Agassiz.  Habitat :  Coast  of  California  from 
San  Francisco  to  San  Diego. 

7.  Amphistichus  argenteus  Agassiz.  Habitat:  San  Diego  to  Cape 
Flattery. 

S.    Rbacochilus  toxotes  Agassiz.    Habitat:    San  Francisco  to  San  Pedro. 

\  K    N  eoditrema  ransonneti  Steindachner  and  Doderlein.  Habitat :  Japan . 

10.  Ditrema  temminckii  Bleeker.    Habitat :    Japan. 

11.  Ditrema  smittii  Nystrom.    Habitat:    Japan. 

12.  Embiotoca  jacksoni  Agassiz.    Habitat:    San  Diego  to  Pnget  Sound. 
i:>.    Phanerodon  lateralis  Agassiz.    Habitat:    Vancouver  Island  to  San 

Diego.    Rare  southward. 

14.  Phanerodon  furoatum  Girard.  Habitat:  San  Diego  to  San  Fran- 
cisco. 

lo.  Phanerodon  atripes  Jordan  and  Gilbert.  Habitat:  Monterey  to  Cor- 
tes Banks. 

M\.    Brachyistius  frenatusGill.    Habitat:   San  Diego  to  Puget  Sound. 

1 7.  Brachyistius  rosaceus  Jordan  and  Gilbert.  Habitat :  Off  Sau  Fran- 
cisco in  deep  water. 

IH.  Cymatogaster  aggregatus  Gibbons.  Habitat:  Pacific  coast  of  the 
United  States. 

1*.).    Abeona  minima  Gibbons.    Habitat:    San  Diego  to  San  Francisco. 

20.  Abeona  aurora  Jordan  and  Gilbert.    Habitat:    Monterey  Bay. 

21.  Hysterocarpus  traski  Gibbons.  Habitat:  California  (Sacramento 
river  in  fresh  water). 
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CONSTlTrTlOX. 


Sk(tion  1.  This  Association  shall  be  called  the  Indiana  Academy  of 
Science. 

Sk<'.  2.  The  objects  of  this  Academy  shall  be  scientific  research  and  the 
diffusion  of  knowledge  concerning  the  various  departments  of  science. 

Sec.  3.  Members  of  this  Academy  shall  consist  of  three  classes,  active, 
non-resident  and  honorary.  Any  person  engaged  in  any  department  of 
scientific  work,  or  in  original  research  in  any  department  of  science,  shall 
be  eligible  to  active  membership.  Active  members  may  be  annual  or  life 
members.  Annual  members  may  be  elected  at  any  meeting  of  the  Acad- 
emy; they  shall  sign  the  constitution,  pay  an  admission  fee  of  two  dollars, 
and  thereafter,  an  annual  fee  of  one  dollar.  Any  person  who  shall  at  one 
time  contribute  fifty  <lollars  to  the  funds  of  this  Academy,  maybe  elected 
a  life  member  of  the  Academy,  free  of  assensment.  Non-resident  mem- 
bers may  be  elected  from  those  who  have  been  active  members  but  who 
have  removed  from  the  state.  Honorary  members  may  be  elected  on  ac- 
count of  special  prominence  in  science,  on  the  written  recommendation  of 
two  members  of  the  Academy.  In  any  case,  a  three  fourths  vote  of  the 
members  present  shall  elect  to  membership.  Applications  for  member, 
ship  in  any  of  the  foregoing  classes  shall  be  referred  to  a  committee  on  ap- 
plications for  membership,  who  shall  consider  such  application  and  re- 
port to  the  Academy  before  the  election. 

Sec.  4.  The  officers  of  this  Academy  shall  be  chosen  by  ballot  at  the 
annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a 
president,  a  vice  president,  secretary,  assistant  secretary,  and  treasurer, 
who  shall  perform  the  duties  usually  pertaining  to  their  respective  officer, 
and  in  addition,  with  the  ex-presidents  of  the  Academy,  shall  conntitute 
an  executive  committee.  The  president  shall,  at  each  annual  meeting, 
appoint  two  members  to  be  a  committee  which  shall  prepare  the  pro- 
grammes and  have  charge  of  the  arrangements  for  all  meetings  for  one 
year. 

ShX'.  o.  The  annual  meeting:  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis,  within  the  week  following  Christmas  of  each  year,  unless 
otherwise  ordered  by  the  executive  committee.  There  shall  also  be  a 
summer  meeting  at  such  time  and  place  a^<  may  be  decided  upon  by  the 
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executive  committee.    Other  meetings  may  be  called  at  the  discretion  of 
the  executive  committee. 

Sec.  0.  This  constitution  may  be  altered  or  amended  at  any  annual 
meeting  by  a  three-fourths  majority  of  attending  members  of  at  least  one 
year's  standing.  No  question  of  amendment  shall  be  decided  on  the  day 
of  its  presentfition. 


BY-LAWS. 


1.  On  motion,  any  special  department  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  mem- 
bers interested  in  the  same  department,  to  endeavor  to  advance  a  knowl- 
edge in  that  particular  department.  Each  curator  shall  report  at  such 
time  and  place  as  the  Academy  shall  direct.  These  reports  shall  include 
a  brief  summary  of  the  progress  of  the  department  during  the  year  pre- 
ceding  tl^  presentation  of  the  report. 

2.  The  president  shall  deliver  a  public  address  on  the  evening  of  one  of 
the  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

3.  No  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least  fif- 
teen days  before  such  meeting. 

4.  No  bill  against  the  Academy  shall  be  paid  without  an  order  signed 
by  the  president  and  countersigned  by  the  secretary. 

5.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two 
years,  having  been  annually  notified  of  their  arrearage  by  the  treasurer, 
shall  have  their  names  stricken  from  the  roll. 

6.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of  busi- 
ness. 
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SPRING  MEETIN(;. 


The  spring  meeting  of  the  Academy  was  held  at  Terre  Haute,  Ind.,  May 
17, 18  and  19, 1893. 

The  meeting  was  called  to  order  by  Vice  President  Noyes,  at  3  oVlock 
p.  m.,  May  17,  in  the  chemical  lecture  room  of  Rose  Polytechnic  Institute. 

J.  M.  Coulter,  \V.  W.  Norman  and  J.  T.  Scovell  were  appointed  Mem- 
bership Committee. 

L.  M.  Underwood  presented  a  report  from  the  committee  on  State  Bio- 
logical Survey,  of  which  he  is  chairman.  The  chairman  was  instructed 
to  appoint  two  other  members  to  serve  on  the  committee  with  him  and 
to  present  plans  at  this  meeting  for  carrying  on  the  work. 

Acting  president  Noyes  announced  an  excursion  for  the  next  day,  leaving 
the  Terre  Haute  House  early  in  the  morning,  crossing  the  river,  thence  to 
Durkee's  Ferry,  returning  to  Terre  Haute  in  time  for  supper. 

In  the  evening  the  Academy  met  in  the  Normal  school.  President  Ar- 
thur preside<l. 

Dr.  T.  C.  Mendenhall  spoke  of  "  The  Summit  of  the  Continent.'*  Dr.  J. 
M.  Coulter  spoke  on  "  Forestry. *' 

Later  in  the  evening  another  meeting  wsm  held  at  the  Terre  Haute  House. 
Prof.  Underwood  announced  he  had  requested  to  serve  with  him  on  the 
(*ommittee  on  Biological  Survey,  J.  M.  Coulter  and  A.  W.  Butler. 

The  members  then  discussed  the  question  of  the  relation  the  Academy 
should  sustain  to  the  State. 

C.  A.  Waldo,  J.  M.  Coulter  and  A.  W.  Butler  were  appointed  a  commit- 
tee to  consider  this. 

The  resignation  of  Prof.  Stanley  Coulter,  as  assistant  secretary,  was^ 
accepte<l. 

A  meeting  of  the  Academy  wa^  held  on  the  evening  of  May  18th,  at  the 
same  place. 

The  committee  on  Biological  Surv^ey  announced  that  for  the  present 


14 

three  directors,  one  representing  Botany,  one  Zoology  and  one  Paheon- 
tology  be  appointed.  The  recommendation  was  approved.  L.  M.  Under- 
wood,  C.  H.  Eigenmann  and  V.  F.  Marsters  were  appointed  such  committee. 

Instructions  were  given  the  Programme  Committee  regarding  arrange- 
ments for  the  winter  meeting. 

W.  W.  Norman  was  elected  assistant  secretary. 

The  day  waa  spent  along  the  west  side  of  the  Wabash  river,  above  Terre 
Haute,  and  was  greatly  enjoyed.    Some  of  the  members  continued  their 

investigations  the  following  day. 


WIXTEI?  MKKTING. 
Indianapolis,  Dec.  28,  21),  181)2. 

PRKSIDKXrS  ADDRKSS. 


TlIK  InTKRDEI'ENDKNTK  of  LlHERAL  IVRSIITs. 
J.  L.  Cami'jiell,  CkAWFORI)8VII.LK. 

The  crowning  group  in  stone  for  the  new  library  building  in  Indianapo- 
lis, by  Richard  W.  Bock,  of  Chicago,  is  composed  of  three  figures,  repre- 
senting Literature,  Science  and  Art. 

The  central  figure,  sixteen  feet  in  height,  represents  Science,  holding  in 
his  right  hand  stretched  upward  the  torch  of  enlightenment,  and  in  his 
left  a  palm,  the  reward  of  victory. 

In  a  sitting  posture  to  the  right  a  female  figure  represents  Literature. 
She  holds  a  book  in  the  left  hand  resting  on  the  knee,  and  with  uplifted 
pen  in  the  right  hand  she  is  presented  at  the  inspired  moment— write. 

The  third  figure,  representing  Art,  is  also  a  woman.  She  holds  a  draw- 
ing board  upon  which  she  is  about  to  produce  a  design. 

This  group  suggests  the  topic  for  discussion,  and  the  subject  may  be  en- 
titled the  Interdependence  of  the  Liberal  Pursuits,  or  in  the  spirit  of  the 
times,  the  need  of  an  intellectual  trust,  whereby  the  interests  of  scienc^e, 
literature  and  art  may  be  better  oared  for,  and  under  its  fostering  care 
there  may  be  developed  higher  art,  purer  literature  and  nobler  science. 

The  group  in  stone  is  a  unit,  and  my  plea  will  be  for  the  unity  of  these 
liberal  pursuits. 

The  distinguishing  characteristic  of  our  day  is  devotion  to  Hpecialties, 
and  this  devotion  has  made  us  strangers  to  each  other. 

A  critical  examination  of  the  productions  in  the  various  departments  of 
literature  and  science  will  disclose  many  defects,  which  may  be  traced 
chiefly  to  the  want  of  interchange  of  thought. 

The  scientific  treatises  often  are  defective  in  style  and  expression,  and 
the  literary  works  frequently  are  laughably  absurd  in  their  scientific  by- 
plays. 

The  scientific  man  waves  aside  with  contempt  the  latest  novel,  and  the 
novelist  returns  the  compliment  by  pitying  the  devotion  of  the  discoverer 
of  an  unclassified  bug  or  a  fresh  compound. 

A  more  generous  fellowship  is  needed  for  mutual  benefit. 
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This  criticism  is  not  intended  to  be  censorious  nor  unjast ;  neither  is  it 
directed  against  earnest  work  in  specialties.  There  can  be  no  valuable 
results  except  by  loying  and  exclusive  efforts  along  chosen  lines. 

It  is  not  asked  that  the  chemist  by  his  compounds  should  seek  for  poetry 
in  his  crucible ;  nor  that  the  biologist  with  his  dissecting  tools  create  the 
life  which  his  search  destroys,  much  less  reproduce  the  higher  life  of 
thought,  of  passion,  and  of  hope,  which  breathe  in  the  works  of  the  dram- 
atist and  in  the  pages  of  the  writer  of  fiction. 

But  outside  of  our  laboratories  of  books  and  blowpipes,  in  our  hours  of 
ease,  if  you  please,  may  not  profitable  relaxation  be  found  in  a  better  ac- 
quaintance with  our  neighbors. 

The  poet  takes  his  walks  alone  that  his  communion  with  nature  may 
not  be  disturbed,  but  it  is  possible  that  he  might  find  valuable  assistance 
in  his  translation  of  the  ''books  in  brooks "  in  the  **  drawing  rooms"  of 
the  hydraulic  engineer. 

The  geologist  no  less  than  the  poet  may  find  "sermons  in  stones,"  and 
each  may  be  benefited  by  contact  with  the  other. 

Is  it  not  possible  to  secure  better  results  by  the  union  of  science  and 
literature  than  are  now  gotten  by  their  separation  and  their  too  narrow 
circle  of  fellowship  ? 

Listen  to  this  wail  from  the  Editor's  Study  in  Harper's  Magazine  for 
September,  1892,  and  tell  us  what  does  it  portend  7 

"  Books  are  being  replaced  by  newspapers  and  periodicals.  A  book 
shop  used  to  be  an  intelligent  center  where  readers  met  not  only  to  keep 
the  run  of  the  thought  of  the  world,  but  to  exchange  ideas  about  it.  Few 
are  so  now.  Book  stalls  have  become  shops  of  notions,  of  stationery,  of 
newspapers,  of  artists'  materials,  of  various  brie  a  brae,  with  an  only  occa- 
sional real  book  that  has  attained  exceptional  notoriety. 

''It  is  no  longer  profitable  to  keep  a  stock  of  general  literature,  and 
many  of  the  brightest  and  best  trained  minds  now  are  giving  their  entire 
time  and  energy  to  the  daily  and  weekly  press. 

"  In  its  swelling  bulk  the  daily  newspaper  has  become  a  magazine,  and 
the  magazine  in  a  generation  that  must  run  as  it  reads  takes  the  place  of 
the  book." 

From  the  scientific  side  of  book  making  also  comes  remarkable  confes- 
sions of  weakness.  From  the  testimony  of  the  writers  themselves  the 
books  of  yesterday  already  have  been  consigned  to  the  top  shelf,  where 
indeed  moth  and  dust  do  corrupt,  but  where  thieves  do  not  break  through 


to  steal,  while  the  books  of  to-day  will  he  in  the  waste  haaket  to-morrow. 
Trae,  the  language  ased  is  somewhat  different  from  the  ahove,  hut  the 
meaning  is  essentially  the  same. 

The  claim  is  that  so  rapid  are  the  advances  in  science  that  the  text  hook 
of  yesterday  is  antiquated,  or  in  their  illiterate  lingo,  ''not  up  to  the 
times/'  and  so  the  hutterfly  products  sport  only  their  brief  day  and  die. 

la  it  a  necessity  that  books  shall  have  this  ephemeral  existence  ?  Is 
this  a  love  that  must  so  soon  grow  cold ;  a  youth  that  without  years  must 
be  old;  a  life  that  almost  begins  with  death  ? 

**  I  paint  for  immortality  "  was  the  inspired  utterance  of  the  greatest  of 
artists,  and  is  there  to  be  no  second  Shakespeare  whose  writings  will  be 
immortal  ?  Is  there  not  an  unentered  field  of  research  where  we  may 
discover  the  hidden  qualities  of  the  few  books  which  endure? 

With  the  confession  of  weakness  and  partial  failure  comes  the  question 
of  possible  increase  of  strength  and  more  complete  success.  If  there  is  a 
balm  in  Gilead  let  us  seek  for  it,  and  if  there  is  a  physician  anywhere  who 
can  cur^  let  us  search  for  him. 

And  for  this  purpose  let  us  call  a  congress  of  all  parties  interested  for 
mutual  counsel,  and,  if  found  practicable,  for  mutual  aid. 

If  the  weakness  is  real  in  all  departments  of  thought,  and  is  discovered 
in  all  varieties  of  thought  products,  let  the  invitation  to  this  congress  of 
thinkers  be  general ;  let  the  workmen  come  from  every  separate  shop  to 
the  great  council  chamber;  the  representatives  of  art,  literature  and 
ecience  of  every  kind  to  the  symposium  of  mind. 

In  this  assembly  let  the  historian  and  the  physicist  sit  together;  the 
biologist  and  the  biographer ;  the  poet  and  the  chemist ;  the  botanist  and 
the  linguist.  Let  the  mathematician  take  counsel  with  the  song  writer, 
and  the  astronomer  and  the  wanderer  in  the  shoreless  realms  of  fiction 
discuss  the  things  common  to  both. 

Then  the  new  companionship  would  beget  new  inspiration;  abetter  fel- 
lowship would  lead  to  a  broader  culture;  *'  know  thyself  would  yield  to  the 
more  generous  **  know  each  other,''  and  a  fuller  answer  would  be  given  to 
the  greatest  question,  **  how  can  men  best  fulfill  their  allotted  destiny  7  " 

With  this  liberal  view  of  Intellectual  fellowship  necessarily  would  come 
more  liberal  methods  in  the  preparatory  as  well  as  in  the  wage  earning 
period  of  life. 

It  is  not  the  purpose  of  this  lecture  to  enter  upon  the  much  discussed 
and  never  to  be  settled  questions  relating  to  the  studies  to  be  selected  and 
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the  methods  to  be  pursued  in  the  undergraduate  part  of  preparatory 
training. 

Without  dispute  broad  general  culture  is  the  point  and  the  essential 
requirement. 

The  deep  foundations  must  be  of  stone,  whatever  is  to  be  the  super- 
structure. 

My  earnest  plea  is  for  more  room  in  the  elementary  period  for  training 
in  the  branches  which  are  extra,  or  rather  pre- professional,  and  which 
must  be  mastered  before  any  one  can  lay  claim  to  a  libera!  education. 

♦  i&  S-  .:>  ■»  »  ;> 

If  we  were  permitted  to  interpret  Shakespeare's  seven  stages  of  life,  his 
third  would  conclude  with  the  undergraduate  course,  while  the  fourth, 
who  enters  as  the  ^'  lover  sighing  like  furnace  with  a  woful  ballad  made 
to  his  mistress'  eyebrow,"  would  mean  that  devotion  to  professional  study 
which  is  more  than  that  of  the  lover  and  an  attention  more  exacting  than 
that  of  the  most  jealous  mistress. 

In  the  preparation  for  professional  life  no  exclusiveness  can  be  too  ex- 
clusive, no  labor  or  painstaking  within  the  severest  limits  can  be  too  ex- 
acting. 

All  that  the  most  ardent  advocate  for  specialties  is  accepted,  and  if  pre- 
sented to  onr  great  congress  of  thinkers  would  be  unanimously  adopted. 

This  is  the  time  in  life  when  the  student  should  be  lost  to  the  world » 
when  the  claims  of  social  life  may  be  ignored,  when  culture  even  may  be 
suspended  in  the  eager  search  for  facts. 

If  the  chosen  profession  be  science,  the  laboratory  should  be  alike  shop 
and  parlor;  if  literature,  to  quote  again  from  the  Editor's  Study,  books 
only,  *'  those  unfailing  faithful  companions  which  stand  mute  and  waiting 
on  the  shelves,  in  whose  hearts  are  preserved  the  thought,  the  aspiration, 
the  despair,  the  love,  the  heroism,  the  emotion,  the  tragedy,  the  immor- 
tal beauty,  the  bewitching  loveliness  of  the  ages.'' 

So  oblivious  to  outer  things  should  be  the  professional  student,  that  a 
casual  glance  at  the  daily  newspaper  could  scarcely  be  allowed  to  keep 
him  informed  whether  or  not  he  himself  has  not  died. 

The  usual  commencement  benediction  welcomes  the  graduate  to  the 
great  world  of  letters,  but  this  welcome  should  be  to  the  retirement  and 
not  to  the  activities  of  this  realm  of  thought,  and  the  interpretation  should 
be  that  he  has  studied  to  be  somebody,  now  let  him  learn  to  do  some- 
thing.   A  Paul  even  found  it  necessary  to  retire  three  years  into  Arabia 


1\) 

for  this  preparation  for  the  work  of  directing  religious  thought  lor  all 
after  ages. 

The  generous,  or  rather  general  qualities  of  min<l  and  heart,  which  nec- 
essarily have  been  but  little  called  into  activity  during  the  years  of  pro- 
fessional study,  are  likely  never  to  be  revived,  and  so  the  years  of  active 
professional  life  usually  are  passed  within  the  narrow  limits  of  Eingle  pro- 
fessions. Lawyers  prefer  lawyers,  and  chemists,  chemists.  Doctors  rare 
only  to  talk  with  doctors,  and  preachers  prefer  to  confine  their  attentions 
to  the  cloth.  In  the  literary  professions  there  is  even  more  exclusivenesp, 
for  nothing  is  so  dull  and  unattractive  to  writers  of  this  class  as  the  fields 
of  science.  Dynamite  is  greatly  preferred  by  them  for  the  intruder  who 
would  try  to  discuss  a  dynamo. 

The  cure  for  all  this  is  better  fellowship. 

The  Academy  of  Science  purposes  at  the  present  session  to  <ultivate 
this  liberalizing  of  different  pursuits  within  the  range  of  the  general  pur- 
pose of  the  association.  Instead  of  carrying  out  our  programme  by  sec- 
tions as  heretofore,  our  desire  is  that  the  members  may  become  interested 
in  the  work  of  others  than  those  in  the  same  specialty.  The  biologist 
must  listen  to  the  physicist,  the  chemist  to  the  geologist,  the  arch:i'ologist 
to  the  botanist,  each  tor  the  time  being  esteeming  the  work  of  another 
better  than  his  own.  Thus  within  the  limits  of  the  sciences  we  are  tr^-- 
ing  the  interchange  of  thought  for  the  better  developing  of  thinking. 

If  this  experiment  proves  successful  may  we  not  hope  for  a  wider  asso- 
ciation of  thinkers  in  some  new  organization,  which  will  include  all  lib- 
eral pursuits? 

The  pleasant  duty  remains  to  me  to  extend  fraternal  ^rreetings  to  the 
members  of  the  Indiana  Academy  of  Science. 

This  Academy  is  yet  young  in  years,  but  the  success  already  attained 
and  the  recognition  secured  among  associations  of  kindred  character  are 
most  gratifying  to  those  of  us  who  have  been  active  members  from  the 
beginning.  The  new  names  added  to  our  list  year  by  year  give  cheering 
assurance  of  a  prosperous  future. 

We  meet  this  year  in  the  closing  days  of  an  epoch  of  lour  hundred  years 
of  the  world's  history,  dating  from  the  birth  of  a  hemisphere,  and  from 
this  holiday  ending  of  the  old  extend  our  happy  new  era  greeting  to  the 
centuries  to  come. 

Next  year  we  will  celebrate  this  fourth  century  date  at  the  marble  city 
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by  the  lake.  The  international  exposition  of  1893  will  epitomize  iji  ma- 
terial form  the  progress  of  the  world  for  the  centuries,  and  to  no  Mecca 
can  the  devotee  of  science  turn  with  more  reverent  steps. 

The  interdependence  of  the  liberal  pursuits  there  will  have  practical 
illustrations  of  the  most  instructive  character.  The  best  thought  of  the 
centuries  will  be  realized  on  canvass,  in  marble,  in  bronze,  in  exquisite 
fabrics,  in  jewels  and  ornaments  of  silver  and  gol<l,  in  the  whirr  of  ma- 
chinery and  the  flashes  of  electricity. 

There  may  we  study  things,  and  there  may  we  in  profitable  intercourse 
meet  men.    This  will  be  the  academy  of  science  of  the  world. 


PAPERS  READ. 


Ox    THE   <X)XsTKr(TI()N    OF    A   SKN'SITIVK   GALVANOMKTKR.       Bv    BkN.I.   W.  SnoW. 


Tes-hs  ok  the  torsionai.  .strex<;th  ok  a  steel  shaft.     By  Tnos.  (Jray. 


Analytical  and  qiaterxox  treatments  of  the  proulem  ok  sun  and  planet. 
By  A.  S.  Hathaway. 

INT1!UI)L'<  TU»N. 

The  object  of  the  paper  is  to  show  the  greater  simplituty  of  quaternions 
over  analytics.  For  the  purpose  of  comparison,  the  most  condensed 
analytical  treatment  possible  is  adopted.  This  turns  out  to  be  precisely 
analagous  to  the  quaternion  treatment.  Three  equations,  such  as  m  &—&% 
m  b=b^  m  c=c'  are  written  m  (a,  b,  c)— (a",  b',  c').  By  multiplying 
these  equations  by  (x,  y,  z)  is  understood  the  result  of  multiplying 
the  first  by  x,  the  second  by  y,  the  third  by  z,  and  adding,  giving 
m  (a  x-j-b  y+c  z)=(a'  x-fb^  y-r<''  z).  This  corresponds  to  scalar  multi- 
plication in  quaternions.    By  forming  corresponding  determinante  with 


21 

X,  y,  z,  is  understood  the  set  of  equations   m  t  «  ^   =  iit  J!  ^  i,  or,in  full 

m  (b  z— c  y,  c  x— a  z,  a  y — b  x)=(b'  z — c^  y,  c''  x— a''  z,  a'  y — b'  x).     This 
corresponds  to  vector  multiplication  in  quaternions. 

The  analytical  methods  thus  perfected  are,  in  fact,  a  sort  of  degraded 
and  cumbersome  quaternion  notation  in  which  (a,  b,  c)  stand  for 
ai-  b  j-f-c  k,  etc.  It  involves  the  necessity  of  thinking  by  steps  parallel 
to  the  axes,  and  when  roHults  are  obtained  it  involves  the  fitting  together 
of  the  various  steps  in  order  to  see  what  is  the  actual  state  of  affairs  in 
space.  To  do  this  requires  considerable  practice  and  grasp  of  technique, 
all  of  which  is  avoided  in  quaternions.  For  example,  equations  (S)  were 
unnecessary  in  quaternions,  the  results  desired  being  sufficiently  evident 
from  (7);  while  even  after  (S)  is  derived  the  technique  of  equations  of  the 
first  degree  must  be  at  command  before  the  results  stated  can  be  seen 
in  the  analytical  method.  The  letters  m^,  mj  in  (9)  and  on  are  not  the 
masses  of  <  n      .   .  (5). 

KiilATIoNS  OK   MOTION. 


.  I  d*  X,  d-  y,  d^  z,  i      m,  m^^  ^  ,         d'  ^^       m,  m ,   , 

where  (x,  y,  z)-    (x.. — x,,  y. — yi,  z... — z, ).         where /"--i^. — /"i 
and  r     (x'    y'    z-)i 

Adding  {}),  '2),  also  dividing  out  commbn  m'e  and  subtract- 
iug,  putting  M=:mi  +  m2,  we  have: 

(3)  (m,  ^^,  -;   m,  ^^,", )     (<N<^<0  I  na,  j-,  -i-m.- j^,  ^0 


.      ,  d '  X   d-'  y    d-'  z   i  M  d^  ,='   _         M 

1  dV     dt     dt-  J  r        '"^        i      dt"  T  / 


•\  "J  I 


K^IATIONS  or  MOTION    INT»:<.RATEI>. 

Integrating  (3)  twice,  we  have: 

( o )  (m,  Xi-  m,.  x.,,  . . . ,  ...  )^^  m,  r,  -   m,.  /'.-— '^  t-f ,?. 

(at  ;  b,  a't-hb',  a"t    b") 

Hence,  the  center  of  gravity  moves  in  a  straight  line  with  uni- 
form speed,  viz : 


i; 

;!. 

i 

■ 

i 

I 


•>•> 


In  the  direction  a: a': a"  with  speed:   i    la'  j-a'"  ;  a"^'):(mi  -m-}. 


Form  corresponding  products  of  (4) 

add  and  integrate, 


jfdxdy    dz 

*"^  I  d  t '  d  t  •  d  t 


(< 


■"iin 


d  X 

t 


dz 
dt 


dt 


M 
r 


M 
2  a 


In  the  direction  'i, 
with  speed:    T  '/  :  M. 


Multiply  (4)  by    / 
and  scalar-integrate: 

.,dr_    M   _  M 

-"^  dt""       r       2a 


This  is  the  equation  of  energy.  It  shows  that  the  speed  of  a 
planet  increases  when  its  distance  from  the  sun  decreases,  and 
rice  versa.  Also,  since  M-  mi-|-m,  is  sensibly  the  same  for  all 
planets,  therefore  the  speed  of  a  planet  depends  only  on  its  dis- 
tance from  the  sun  and  a  constant,  1  a,  of  its  orbit  (later  shown 
to  be  its  major  axis). 


Forming  corresponding  determinants 
of  (4)  with  (X.  y,  z)  and  integrating: 

X        y         z 
'  d  X     d  V     d  z  1    1     1    \ 

^ 'V'd'i'  dt  wit  ^       (Ml,  1^1...; 

where  1*  .  li  '-Ij     1  and  c  is  positive. 

^lultiplying  (corresponding   terms   by 
(  X,  y,  z),  and  adding,  we  find: 

C  1  X-   li  y     1.  z-   0:  similarly, 

C  'dt      *'  dt      -dt       • 


Multiplying  (4)  by 
,'"  and  integrating  the 
vector  part : 

dt 
whcTe       c  /.  ■  -  c. 


V/ 


■  e  /. 


Taking  the  scalar  pro- 
duct by  /"  we  find 

>>/.;•'      0;  similarly 
^%lt     -   ''' 


Equation  (7)  shows  the  rate  of  description  of  double  areas  by 
the  radius  vector  from  sun  to  planet  to  be  constant  (  c  )  and 
that  its  motion  is  in  a  plane  perpendicular  to  (  I:li:l. )  /..  The 
direction  of  this  axis  is  such  that  an  ordinary  screw,  when  made 
to  advance  along  it,  will  rotate  in  the  direction  of  the  description 
of  areas. 


f/ 


'2:\    ' 


Taking  the  second  member  of  ( 7 )  with 
the  first  member  of  ( 1 1  and  vicr  versa,  and 
forming  corresponding  determinants  and 
integrating,  wo  have 

1       1,       1, 
i\))C    dx    d y    d  z  ' 
dt    d  t    (It 


—   -     (X,  y,  z 
r  -^ 


-f  (m,  mi,  ra.) 

where  m*-  mj;  mi     1  and  f  is  positive. 

Multiplying  (*.M  by  (1,  l,,  L)  and  adding, 
we  have  1  m-|  li  mi-l  L  m^  -0,  or  (m,  m,, 
ma)  is  in  the  plane  of  motion. 

1     1.    L 


Take  (n.  n,.  n.) 


forming 


m  mi  m. 

the  direction  cosines  of  a  third  axis  per- 
pendicular to  the  two  already  found. 

Form  with  d,  1,,  1.)  and  (0)  correspond- 
ing determinants,  and  we  have: 

d  X     d  v     d  z    I 
d  t  '  d  t  *  d  t    ' 

M   I  1   1,  1.. 
X  y  z 


<l(h  c 


fin,  n„  n.) 


Multiplying  the  sec- 
ond member  of  (1) 
into  the  first  member 
of  (4)  and  rur  rersa 
and  integrating,  we 
have : 

d  r         M     .       ^ 

C  /  -         r  . 


:»   • 


dt 
where   r  f  ."=f. 

Taking  the  scalar 
product  by  /,  we  find 
S  /, ,"  ==:  0,  or  /t  is  in  the 
plane  of  motion. 

Take  >— -^  ."  forming 
the  rectangular  unit 
vectors  /, ;/,  >. 

Multiply  (th  by /and 
we  have: 


d;-        M        ^       r. 

e         =^     -,   /  i    ^    I  ^ 
dt 


Tliis  is  the  hodograph.     It  is  a  circle  [remembering  (?<)]  of 

M  f  f 

radius  ^    and  center  -      <  n,  n,.  n):  -         >.     The  radius  of  this 
c  c  c 

hodograph  is  one  right  angle  in  advance  of  the  radius  vector  of 
the  planet  to  which  it  corresponds. 

Transposing  the  f  terms  of  (*.))  to  the  first  member,  squaring, 
and  using  ((»;,  we  have: 

^*^^'-    f^.-  M"  or  a-     cM  |  .M— f';. 


i  11  ) 


a 


Multiplying  dh  into  ix,  y.  z)  we  have,       Multiplying  {\))  into 
by  adding:  ."  and  taking  scalars: 

iVl^  C-— M  r     f  <ni  X     m,  v-  m.  z).  c*  —  M     r  —  —  fS/t/ 
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This,  remembering  (8),  is  the  equation  of  the  orbit.    It  is  a 

conic  whose  focus  is  the  sun,  and  axis  is  (m,  m^  mo)  =/£.      The 

f  c* 

eccentricity  is  e   -  ^ ,  the  semi-parameter,  p  =  ^  .      Hence. 

the  semi-major  axis  is  c*  M|  (M- — f  0,  or  a  by  ril).  The  center  is 
—  a  e  (m,  m„  m,,)  —  a  e  ;x.  We  may  put  the  orbit,  therefore, 
in  the  form  : 

1^=  —  a  e  /'  1 7^.  a  cos  E^->  b  sin  E.         e<l. 
i^=  —  a  e  /'.-{- .'I  a  cosh  E+v  b  sinh  E.     e>l. 

This  substituted  in  (7)  and  integrated  gives  Keplei's  equation 

E—  e  sinE   =-5-(^t  — 1„)  e^\. 

(13)  \^ 

E  —  e  sinh  E  --^■-     r  ( t  —  t„)  e>l. 

ab 

For  analytical  treatment  see  Dr.  Dzisbek's  Theories  of  Planetary 
Motion,  pp.  1-13. 


Notes  conckrnixc;  tests  of  tiik  l*rHi)rE  exi'erimkntal  ixxomotive.  Hy 
AVm.  F.  M.  (loss. 

The  Purdue  experimental  Locomotive  Plant  was  installed  early  in  the 
present  year.  It  has  been  fully  described  in  a  paper  read  before  the  Amer- 
ican Society  of  Mechanical  Engineers  at  its  San  Francisco  meeting,  and  a 
brief  reference  to  the  plan  of  mounting  must  serve  the  present  purpose. 

The  driving  wheels  of  the  locomotive  rest  upon  other  wheels  which  are 
carried  by  shafts  running  in  fixed  bearings.  When,  as  in  the  process  of 
running,  the  drivers  turn,  their  supporting  wheels  are  driven  by  rolling 
contact.  The  locomotive  as  a  whole  instead  of  moving  forward,  remains 
at  rest  while  the  track,  that  is,  the  periphery  of  the  supporting  wheels^ 
moves  rearward.  The  locomotive  draw- bar  is  connected  with  a  series  of 
scale-beams  which  constitute  a  traction  dynamometer.  Friction  brakes 
on  the  shafts  of  the  supporting  wheels,  interpose  a  resistance  to  the  turn- 
ing of  the  latter  and,  by  so  doing,  supply  a  load  for  the  locomotive.  The 
whole  arrangement  is  such  that  while  the  locomotive  is  fired  in  the  usual 
way,  it  may  be  run  under  any  load  and  at  any  speed,  the  conditions  being 
similar  to  those  of  the  track. 
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In  the  spring  and  early  summer  of  the  present  yeat  nearly  a  dozen  runs 
were  made.  All  were  of  a  preliminary  nature,  the  whole  apparatus  being 
entirely  new,  and  the  attendents  unskilled  in  the  management  of  the  com- 
plicated mounting  machinery. 

At  the  beginning  of  the  present  school  year  the  work  was  taken  up  anew. 
The  object  of  the  present  work  is,  in  general,  to  determine  the  perform- 
ance of  the  engine  under  conditions  varying,  first.  ^8  to  cutoff  and,  sec- 
ondly, as  to  speed.  To  this  end,  five  series  of  six  tests  each  have  been 
arranged,  all  to  be  run  under  a  constant  pulling  load  of  2500  i>ounde.  This 
constancy  of  load  makes  the  mean  efiective  pressure  practically  constant 
for  all  tests,  and  the  power  develo]»ed  depen<lent  upon  the  speed.  The 
load  lacks  but  little  of  being  equivalent  to  10  horse-power  for  each  mile  ' 
per  hour  of  speed. 

All  of  the  tests  of  the  same  series  are  run  at  the  same  speed,  but  each 
test  varies  from  the  others  of  the  series  by  a  change  in  cut-ofi*.  The  second 
series  <liffer8  from  the  first,  and  the  third  from  the  second,  and  so  on,  only 
in  a  change  of  speed.  The  fir^t  series  at  15  miles  per  hour,  and  the  second 
at  25  miles  per  hour,  have  already  been  run,  and,  in  carrying  them  on,  all 
conditions  were  as  perfectly  maintained  as  could  be  desired.  The  remain- 
ing series  will  be  at  35, 45,  and  55  miles  per  hour  respectively.  Kvery  test 
is  complete  in  itself.  The  observed  data  include  speed,  drawbar  stress, 
coal  and  water  consumption,  calorimeter  determination,  draft  and  tem- 
perature in  smoke-box,  and  cylinder  performance  as  obtained  by  the  use 
of  four  indicators.  All  tests  are  of  three  hours  duration  and  are  run  with- 
out intermediate  stops  or  change  of  speed.  A  comparison  of  results,  first 
of  the  tests  of  each  series,  and  secondly,  of  tests  of  the  same  cut-ofi' in  the 
different  series,  cannot  fail  to  furnish  an  analysis  of  the  performance  of 
the  locomotive  which  will  be  far  more  complete  than  anything  hitherto 
attempted. 


TlIK    EI.KCTKOSTATK      IIIKOliV    oK    JOHKSION     AND    \' A  N    DKi:    \VaVI.'<     K<2lATH»N. 

Bv  Kkoinai.i)  a.  Fkssknok.n. 


<^r AIM/  Msi'KNMOXs.      Hv  Hkn.i.  W.  Snow. 


A  TnKKMiM{K<;l  I.ATOK  lOK  KOO.Ms  HKATKl)  HY  STKAM.       Uv  J.  ( '.  AinillK. 
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KXI'ERIMKNTS  WITH  AM)  IMIKNO.MKNA  OF  VA(  ITM  Tl  HKs.       }W  I{.  A.  Ff>>KNDKN 


TlIK  KLECTRO-MACJNETH.'  IN'KRTIA  OF  A  LAIHiE  M.\«iNKT.       J»V   TlIO>.  GlJAY 


Some  new  ei.e<tru  al  apparati  >.     Bv  K.  A.  Frxsendkn. 


<>X  THE  <'ONSTRl  CTION  AND  r>E  OF  A  JloLOMETEK.       Bv  R.  W,  SnoW 


HOTAHY    HLOWERS..      Bv  JoHN  T.  WlI.KIX. 


Ax  IN«U'IRV  AS  TO  THE  CAISE  OF  VARIETY  IX  ROCK  DEI'OMTS  AS  SEEN  IX  HlDSnX 
RIVER  HED.S  AT  RlClI.MOXD,  Ixi).       By  JosEI'IT  MoQRE. 

Take  a  depth  of  our  bed  rock  at  this  place  of,  say  fifty  feet,  along  the 
river  channel.  The  variations  in  the  litholo^ical  character  of  the  numer- 
ous Bhari>ly  defined  layers  is  very  marked  and  very  many  times  repeated; 
not  more  so,  however,  than  in  hundreds  of  other  localities  throughout  the 
country  at  the  same  or  at  other  horixon.s.  Here  the  well  solidified  por- 
tions are  thick-bedded  (the  layers  say  a  foot  thick  i  while  not  far  below  or 
above  they  are  thin,  say  one  or  two  inches.^  These  consolidated  layers 
vary  in  texture  and  composition,  some  of  them  being  nearly  pure  lime- 
stone and  sufiiciently  crystalline  to  take  a  fair  polish.  <  )thers  are  masses 
mainly  of  brachiopods,  often  well  preserved  and  matted  together  with 
clav  or  with  lime  and  iron  from  a  state  of  solution.  Others  still  are  shoals 
of  commingled  sand,  clay  and  lime  and  almost  destitute  of  fossils.  Then 
there  are  the  intercalated  beds  of  clay  with  sufficient  calcium  carbonate 
to  effervesce  with  acids  for  a  little  while,  but  leaving  their  principal  bulk 
when  the  solvent  has  done  what  it  can.  These  beds  of  finest  grained  clay 
•  vary  in  thickness  from  a  very  few  feet  to  a  few  inches  and  even  to  the 
thickness  of  ordinary  paper.  Often  these  clay  deposits  are  entirely  desti- 
tute of  fossils  and  again  they  are  the  hope  of  the  hunter  of  trilobites  and 
a  few  other  form  that  mav  be  found  therein.  All  these  features  are  fa- 
miliar  to  the  observer  in  various  localities. 

But  the  commonness  of  the  phenomena  does  not  make  their  causes  the 
less  desirable  to  seek.    It  can  hardly  be  supposed  that  the  ocean  varie<i  in 
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depth  so  many  hundred  times  as  would  be  necessary  to  produce  all  the 
variations  to  be  read  in  a  thickness  of  five  hundred  feet.  Pure  limestones 
are  made  in  the  deeper  waters  and  fine  argillaceous  sediments  may  settle 
in  the  deeper  or  the  shallower  places. 

But  there  appears  to  be  ample  reasons  for  believing  that  the  sea  in  which 
the  Hudson  River  rocks  of  Indiana  and  Ohio  were  deposited  had  its  shore 
line  far  away,  or  in  other  words,  said  localitien  were  near  the  middle  of  a 
continental  ocean. 

How  then  can  we  account  for  such  well  defined  successions  of  mechan- 
ical deposits  for  so  long  a  period  of  time?  How  could  these  sediments 
get  so  far  from  shore  and  how  could  they  recur  so  sharply  bounded  as 
they  are  from  the  purer  limestone  and  other  consolidated  ledges?  How 
came  it  about  that  there  were  such  numerous  alternations  of  life  and  death 
epochs  in  the  same  tifty,  or  five  hundred  feet?  The  answer  to  these  ques- 
tions may  be  very  easy  to  some  geologists.  We  have  not,  however,  seen 
them  satisfactorily  answered.  Their  solution,  whatever  it  is.  will  be  the 
opening  of  a  <loor  to  other  secrets. 

TllKTKAI'sOF  liKDllKAI),    N.    H.       Bv   V.   F.  MaICSTKUS. 

K\IIIBITI<»N  AM)  KXI'KANATinX    OK  A  <  .KOI.Oi.jrAI.   <IIAKT.       By  KlAVOOD  V.  Cllt- 
IJERI.Y. 


<tLA<IAL  AM)  l'KE<;i.AriAL  KWosiON  I\  VK  IMTY  OK  KlCIIM»»NI),  1M).       Bv  JosKIMI 

MooRi:. 
Richmond  is  on  Drift,  underlaid  by  upper  layers  of  Ix)wer  Silurian 
known  as  rocks  of  the  Hudson  River  (ironp.  These  rocks  being  of  the 
earlier  time  have  been  above  the  sea  for  ages.  Consequently  there  was 
plenty  of  time  for  them  to  be  much  eroded.  I  shall  not  in  this  brief  pa- 
per specify  all  the  well-marked  features  of  erosion  but  will  allude  to  a 
few  special  examples.  There  is  a  burietl  river  channel  a  few  rods  west  of 
the  present  channel  of  Whitewater.  This  was  reported  nearly  fifty  years 
ago  by  Dr.  Plummer,  of  Hichmond,  but  it  was  not  then  so  well  known  in 
its  extent  and  direction  as  it  has  since  become  by  means  of  wells,  tile 
layers  and  ditches  for  water  and  gas  mains.  Said  buried  channel  is  about 
eeventv  feet  wide  where  crossed  bv  the  national  road  and  its  walls  are  verv 
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nearly  vertical.  In  general  direction  it  lies  nearly  north  and  south,  ap- 
proximately parallel  to  the  present  channel  and  is  of  unknown  depth.  It 
is  filled  with  sand,  gravel,  clay  and  bowlders,  with  remains  of  leaves  and 
sticks  here  and  there.  It  is  believed  to  have  been  rather  a  new  channel 
when  filled  since  the  upper  edges  of  its  vertical  walls  were  not  worn  down 
and  roun(le<l.  It  may  have  been,  and  probably  this  part  of  it  was,  eroded 
during  an  interglacial  period.  There  is  a  much  narrower  channel  at  a 
shorter  distance  on  the  ea^t  side  of  the  present  river  channel  as  exposed 
by  the  deepening  of  Main  street  leading  westward  from  town. 

A  feature  little,  if  at  all,  reported  in  Indiana,  so  far  as  the  writer  has 
observed,  is  that  of  great  ^'  pot  holes  "  or  "  <;lacial  jugs"  or  *'  giant  kettles.'^ 

A  few  years  since  Mr.  Starr,  the  proprietor  of  the  gas  works,  called  me 
over  to  see  one  of  these  where  he  was  excavating  in  the  solid  rock  for  a 
very  large  cistern. 

In  one  of  the  walls  was  a  section  of  the  "  jug."  It  was  some  ten  feet  in 
diameter  and  about  the  same  depth  was  exposed,  though  it  extende<i  deep- 
er than  the  cistern.  It  was  filled  with  clean  sand  and  gravel  beautifully 
assorted  and  stratified  and  near  the  lowest  part  exposed  were  bowMers 
two  feet  in  diameter  finely  smoothed  and  rounded.  The  walls  of  this  pot 
hole,  which  was  much  the  shape  of  a  great  jug,  were  as  smooth  and  pol- 
ished inside  as  if  the  sand  and  gravel,  with  the  pouring  in  of  a  torrent, 
had  been  on  the  whirl  for  a  century.  A  few  years  later  and  about  twelve 
rods  from  the  same  place,  the  city,  while  cutting  into  the  south  wall  of 
Main  street  near  the  present  river  channel  in  order  to  widen  and  straighten 
the  street,  struck  another  jug.  This  last  one  was  more  funnel  shaped,  but 
had  its  sand  worn  bowlders  and  smooth  sides  as  in  the  first. 

Though  not  at  the  southern  limit  of  glaciers  in  Indiana  we  are  in  the 
line  of  a  terminal  morain  as  indicated  by  bowlders  and  till.  These  pot- 
holes may  be  the  result  of  the  glacier  having  been  stationary  or  nearly  so 
for  a  length  of  time. 

As  a  further  phenomenon,  lately  the  matter  brought  to  light  by  a  recent 
railroad  cut,  and  somewhat  in  the  same  connection,  may  be  mentione<l  a 
line  of  masses  of  Clinton  limestone  which  some  have  supposed  to  be  out- 
liers in  situ.  These  are  about  two  miles  southwest  from  the  central  part 
of  Richmond  and  within  five  minutes  walk  of  Earlham  college. 

Recent  facts  seem  to  indicate  that  these  masses,  jutting  out  here  and 
there  for  more  than  three  hundred  yards,  instead  of  being  outliers  and  in 
their  original  place,  are  really  masses  of  rock  move<l  on  for  miles  by  the 


glacier.  (It  is  bat  a  few  miles  north  to  where  Hudson  River  rock  dips 
under  upper  silurian.)  Evidences  that  they  are  masses  of  Drift  are  found 
in  the  irregular  way  in  which  the  rocks  lie  at  all  angles,  and  in  the  fact 
that  where  the  lower  rock  is  exposed  in  the  cut  the  under  side  is  glaciated 
as  if  by  moving  over  other  rocks. 


liKLATIOX  OK  KlNCJS  (OrNTV    TRA  I'S  TO  THOSE    OF    CrMHKRLAN'n    COrNTV,     N.    S. 

By  V.  F.  Marsters. 


An   ACit)!  NT  of  VECJETAItLE    AND    MINERAL   SIIISTANCE-S    THAT    FELL    IN    A    SNOW 

STORM  IN  LaPorte  coi  nty,  Jan.  S-U,  M)2.     By  A.  X.  Somers. 


S)ME  POINTS  IN  THE  <iE0LO<iY  OF  Mt.  OrIZAIJA.       By  J.  T.  ScOVEI.L. 


British  Colimima  ulac  ieks.     By  C.  H.  Eigenmann. 
An  account  was  j^iven  of  the  ascent  of  *'The  Glacier'*  in  the  Selkirks 
in  British  Columbia.     A  number  of  photo;j:raphs  were  shown  of  the  foot 
oi  the  glacier. 


Twcmk'EAN  i'Ass.     By  Barton  W.  Evermann. 

[  AllSTUACT.] 

It  was  probably  in  Pliocene  times  that  the  great  lava- flow  occurred  in 
the  region  now  known  as  the  Yellowstone  National  Park,  which  covered 
hundreds  of  square  miles  of  a  large  mountain  valley  with  a  vast  sheet  of 
rhyolite  h  undreds,  perhaps  in  places,  thousands  of  feet  thick.  It  is  certain 
that  such  streams  and  lakes  as  may  have  existed  there  were  wiped  out  of 
existence,  and  all  terrestrial  and  aquatic  life  destroyed.  It  must  have 
been  many  long  years  before  this  lava  became  sufficiently  cooled  to  permit 
the  formation  of  new  streams ;  but  a  time  finally  came  when  the  rains, 
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falling  upon  the  ^rratlually  cnoHng  rock,  were  no  longer  convt'rte*!  into 
steam  and  thrown  back  into  the  air.  only  to  conilense  and  fall  again,  but 
being  able  to  remain  in  li<]uid  form  upon  the  rock,  sought  lower  levels, 
and  thus  new  streams  began  to  flow.  The  rhyolite,  obsidian,  and  trachyte 
were  very  hard  and  erode* I  slowly,  but  when  the  streams  reached  the  edge 
of  the  lava-tield  they  encountered  rock  which  was  comparatively  soft  and 
which  wore  away  rapidly.  The  result  is  that  every  stream  leaving  the 
Yellowstone  Park  has  one  or  more  great  waterfalls  in  its  course  where  it 
leaves  the  lava-sheet.  Notably  among  these  streams  are  Lewis  River,  the 
outlet  of  I^wis  antl  Shoshone  lakes,  Yellowstone  River,  the  outlet  of 
Yellowstone  Lake,  <iardiner,  <Jibbon,  and  Firehole  rivers,  an«l  Lava, 
Lupin,  <Tlen,  Crawfish.  Tower  and  Casca<le  creeks,  all  leaving  the  lava- 
abeet  in  beautiful  falls,  varying  from  130  ft^t  to  over  '\00  feet  in  vertical 
descent.  With  scarcely  an  exception,  all  these  streams  and  lakes  are  of 
the  best  of  pure,  clear,  cold  water,  well  supplied  with  insect  larvic,  the 
smaller  Crustacea,  and  various  other  kindn  of  the  smaller  animal  and  plant 
forms  sufficient  in  amount  to  support  an  immense  fish-life.  But  it  is  a 
strange  and  interesting  fact  that,  with  the  exception  of  Yellowstone  T^ke 
and  River,  these  waters  were  wholly  barren  of  fish-life.  The  river  and 
lake  just  named  are  well  tilled  witli  the  Rocky  Mountain  trout  iSalmo 
tNffkiss),  and  this  fact  is  the  more  remarkable  when  it  is  remembered  that 
the  falls  in  the  lower  Yellowstone  River  are  KM)  and  :JOS  feet,  respectively, 
by  far  the  greatest  found  in  the  Park. 

The  total  absence  of  tish  in  I.ewis  and  Shoshone  lakes  and  the  numerous 
other  small  lakes  and  streams  of  the  Park  is  certainly  due  to  the  various 
falls  in  their  lower  courses  which  have  proved  impassable  barriers  to  the 
ascent  of  fishes  from  below;  for  in  every  one  of  these  streams  just  below 
the  falls  trout  and,  in  some  cases,  other  species  are  found  in  abundance. 
But  to  account  for  the  ]>i*esence  of  tront  in  Yellowstone  Uike  was  a  matter 
of  no  little  dilficulty.  If  a  fall  of  ;»0  to  -^O  feet  in  Lewis  River  has  prevented 
trout  from  ascending  to  Lewis  and  Shoshone  lakes,  why  have  not  the 
much  greater  falls  in  the  Yellowstone  proved  a  barrier  to  the  ascent  of 
trout  to  Y'ellowstone  Lake?  Certainly,  no  fish  can  ascend  these  falls  an«l 
we  must  look  elsewhere  for  the  explanation. 

Many  years  ago  the  famous  old  guide,  .Mm  Bridger,  told  his  incredulous 
friends  that  he  had  found  on  the  divide  west  of  the  I'pper  Yellowstone 
a  creek  which  flowed  in  both  directions  one  end  fiowing  east  into  the 
Yellowstone,  the  other  west  into  Snake  River.    But  as  he  also  told  them 
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about  many  other  strange,  and  to  them  impossible  things  which  he  had 
seen,  among  which  were  a  glass  mountain,  and  a  river  which  ran  down 
hill  so  fast  that  the  water  was  made  boiling  hot,  they  were  not  disposed 
to  acknowledge  the  existence  of  his  "Two-Ocean  Creek."  Subsequent 
events,  however,  showed  that  the  strange  stories  of  Jim  Bridger  were  not 
without  some  elements  of  truth. 

Two-Ocean  Pass  was  visited  by  Capt.  Jones  in  1S73,  by  Dr.  F.  V.  Hayden 
in  1 878,  and  by  Mr.  Arnold  Hague  in  1884.  The  obser\'ations  made  by  these 
various  explorers  seemed  to  indicate  that  Two-Ocean  Pass  is  a  nearly  level 
meadow,  near  the  center  of  which  is  a  marsh  which,  in  times  of  wet 
weather,  becomes  a  small  lake,  and  that  "  a  portion  of  the  waters  from 
the  surrounding  mountains  accumulate  in  tht'  marshy  meadows  and 
gradually  gravitate  from  either  side  into  two  small  streams,  one  of  which 
flows  to  the  northeast,  the  other  to  the  southwest.''    (Hayden,) 

From  these  reports  it  began  to  be  suspected  that  trout,  ascending  Pacific 
Creek  from  Snake  River,  might  in  time  of  high  water,  pass  through  the 
lake  in  Two-Ocean  Pass  and  descend  Atlantic  Creek  and  the  Upper  Yel- 
lowstone to  Yellowstone  I^ke,  and  thus  would  the  origin  of  the  trout  of 
that  lake  be  explained.  Dr.  Jordan,  who  spent  some  time  in  the  Park  in 
1889,  was  impressed  with  the  probable  correctness  of  this  explanation, 
but  did  not  visit  Two-Ocean  Pass. 

In  1891,  while  carrying  on  certain  investigations  in  Montana  and  the 
Yellowstone  Park  under  the  direction  of  the  United  States  Commissioner 
of  Fish  and  Fisheries,  Colonel  Marshall  McDonald,  I  was  instructed  to 
visit  Two-Ocean  Pass  and  determine  definitely  the  conditions  which  obtain 
there. 

On  August  7,  accompanied  by  Dr.  O.  P.  Jenkins  and  Mr.  Burnside  Clap- 
ham,  we  started  out  from  Mammoth  Hot  Springs  with  a  pack-train  of  ten 
pack-horses  and  eight  saddle-horses.  Our  route  led  us  through  all  the 
(leyser  Basins  of  the  Park  and  we  reached  Two-Ocean  Pass  August  17, 
where  we  remained  long  enough  to  make  a  careful  examination.  This 
pass  is  a  high  mountain  meadow,  about  8,200  feet  above  the  sea  and 
situated  just  south  of  the  Park,  in  long.  110°  10^,  lat.  44°  S\  It  is  sur- 
rounded on  all  si<les  by  rather  high  mountains  except  where  the  narrow 
valleys  of  Atlantic  and  Pacific  creeks  open  out  from  it. 

Running  back  among  the  mountains  to  the  northward  are  two  small 
cailons,  down  which  come  two  small  streams.  On  the  opposite  side  is 
another  cai\on,  down  which  comes  another  small  stream.    The  extreme 
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length  of  the  meadow  froDi  east  to  west  is  about  a  mile  while  the  width 
from  north  to  south  is  not  much  less.  The  larger  of  the  streams  coming 
in  from  the  north  is  Pacific  Creek,  and,  after  winding  along  the  western 
side  of  the  meadow,  turns  abruptly  westward,  leaving  through  a  narrow 
gorge.  Receiving;  numerous  small  affluents,  Pacific  Creek  soon  becomes 
a  good  sized  stream,  which  finally  unites  with  Buffalo  Creek  a  few  miles 
above  where  the  latter  stream  fiows  into  Snake  River. 

Atlantic  Creek  was  found  to  have  two  forks  entering  the  Pass.  At  the 
north  end  of  the  meadow  is  a  small  wooded  cation  down  which  fiows  the 
North  Fork.  This  stream  hugs  the  border  of  the  flat  very  closely.  The 
South  Fork  comes  down  the  caflon  on  the  south  side,  skirting  the  brow 
of  the  hill  a  little  less  closely  than  does  the  North  Fork.  The  two 
coming  together  near  the  middle  of  the  eastern  border  of  the  meadow 
form  Atlantic  Creek  which,  after  a  course  of  a  few  miles,  flows  into  the 
Upper  Yellowstone.  But  the  remarkable  phenomena  exhibited  here  re- 
main to  be  described. 

Each  fork  of  Atlantic  Creek,  just  after  entering  the  meadow,  divides  as 
if  to  flow  around  an  island,  but  the  stream  toward  the  meadow,  instead  of 
returning  to  the  portion  from  which  it  had  parted,  continues  its  westerly 
coarse  across  the  meadow.  Just  before  reaching  the  western  border  the 
two  streams  unite  and  then  pour  their  combined  waters  into  Pacific  Creek ; 
thus  are  Atlantic  and  Pacific  Creeks  united  and  a  continuous  water  way 
from  the  mouth  of  the  Columbia  via  Two-Ocean  Pass  to  the  Gulf  of  Mex- 
ico is  established.  Two-(  )cean  Creek  is  not  a  myth  but  a  verity,  and  Jim 
Bridger  is  vindicated. 

Pacific  Creek  is  a  stream  of  good  size  long  before  it  enters  the  pass,  and 
its  course  through  the  meadow  is  in  a  definite  channel,  but  not  so  with 
Atlantic  Creek.  The  west  bank  of  each  fork  is  low  and  the  water  is  liable 
to  break  through  anywhere  and  thus  send  a  part  of  its  water  across  to  Pa- 
cific Creek.  It  is  probably  true  that  one  or  two  branches  always  connect 
the  two  creeks  under  ordinary  conditions,  and  that  following  heavy  rains 
or  when  the  snows  are  melting  a  much  greater  portion  of  the  water  of 
Atlantic  Creek  finds  its  way  across  the  meadow  to  the  other. 

Besides  the  channels  already  mentioned,  there  are  several  more  or  less 
distinct  ones  that  were  dry  at  the  time  of  our  visit.  As  already  stated, 
the  pass  is  a  nearly  level  meadow,  covered  with  a  heavy  growth  of  grass 
and  many  small  willows  1  to  3  feet  high.  While  it  is  somewhat  marshy 
in  places  it  has  nothing  of  the  nature  of  a  lake  about  it.  Of  course  during 
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wet  weather,  the  small  springs  at  the  borders  of  the  meadow  would  be 
stronger,  but  the  important  facts  are  that  there  is  no  lake  or  even  marsh 
there  and  that  neither  Atlantic  nor  Vaeific  Creek  has  its  rise  in  the 
meadow.  Atlantic  Creek,  in  fact,  comes  into  the  pass  as  two  good  sized 
streams  from  opposite  directions  and  leaves  it  by  at  least  four  channels, 
thus  making  an  island  of  a  considerable  portion  of  the  meadow.  And  it 
is  certain  that  there  is,  under  ordinary  circumstances,  a  continuous  water- 
way through  Two- Ocean  Pass  of  such  a  character  as  to  permit  fishes  to 
pass  easily  and  readily  from  Snake  River  over  to  the  Yellowstone,  or  in 
the  opposite  direction.  Indeed,  it  is  possible,  barring  certain  falls  in 
Snake  River,  for  a  fish  so  inclined  to  start  at  the  mouth  of  the  Columbia, 
travel  up  that  great  river  to  its  principal  tributary,  the  Snake,  thence  on 
through  the  long,  tortuous  course  of  that  stream,  and,  under  the  shadows 
of  the  Grand  Tetons,  enter  the  cold  waters  of  Pacific  Creek,  by  which  it 
could  journey  on  up  to  the  very  crest  of  the  Great  Continental  Divide,  to 
Two-Ocean  Pa»s;  through  this  pass  it  may  have  a  choice  of  two  routes  to 
Atlantic  Creek  in  which  the  down-stream  journey  is  begun.  Soon  it 
reaches  the  Yellowstone  down  which  it  continues  to  Yellowstone  Lake, 
then  through  the  Lower  Yellowstone  out  into  the  turbid  waters  of  the 
Missouri ;  for  many  hundred  miles  it  may  continue  down  this  mighty 
river  before  reaching  the  Father  of  Waters  which  will  finally  carry  it  to 
the  Gulf  of  Mexico-  -a  wonderful  journey  of  nearly  0,000  miles,  by  far  the 
longest  possible  fresh-water  journey  in  the  world. 

We  found  trout  in  Pacific  Creek  at  every  point  where  we  examined  it. 
In  Two-Ocean  Pass  we  found  trout  in  each  of  the  streams  and  in  such  po- 
sitions as  would  have  permitted  them  to  pass  easily  from  one  side  of  the 
<livide  to  the  other.  We  also  found  trout  in  Atlantic  Creek  below  the 
pass  and  in  the  Upper  Yellowstone  where  they  were  abundant. 

Thus  it  is  certain  that  there  is  no  obstruction  even  in  <lry  weather  to 
prevent  the  passage  of  trout  from  the  Snake  River  to  Yellowstone  Lake ; 
it'is  quite  evident  that  trout  do  pass  over  in  tliis  way ;  and  it  is  almost 
absolutely  certain  that  Yellowstone  Lake  was  stocked  with  trout  from  the 
west  via  Two-Ocean  Pass. 


GkINNKLI.I  A   AMKRKANA.       P»y  M.  A.   HiiANNON. 

Grinnellia  Americana  is  one  of  the  most  interesting  and  beautiful  ma. 
rine  plants  found  along  our  Atlantic  coast.    So  far  as  known,  it  ranges 
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only  from  Cape  Cod  to  New  Jersey,  abounding  chiefly  in  the  shcire  waters 
of  I-ong  Island  sound  and  New  York  harbor. 

This  alga  attains  a  length  of  oO  cm.  and  a  breadth  of  10  cm.,  but  this 
is  an  unuMiual  size.  The  ordinary  specimen  would  not  exceed  20  cm.  in 
length  and  o  cm.  in  breadth. 

This  plant  attaches  itself  to  the  piles  of  wharves,  pieces  of  decayed 
wood,  and  rarely  grows  on  stones  and  shells.  It  grows  most  abun<l- 
antly  H  to  10  feet  below  low  tide  mark.  It  is  a  dincious  plant,  and 
also  has  a  non- sexual  method  of  repro<luction.  The  antheridia  are  small . 
nearly  transparent  dots  i)romiscuously  distributed  in  the  tissue  of  the 
thallus.  Whrn  liberated,  in  salt  water,  the  antherozoids  are  quite  active, 
and  while  they  \^'^e  not  ob.«erved  fertilizing  the  female  organ,  it  is  safe 
to  affirm  that  they  accomplish  a  union  with  the  female  portion  of  the 
plant  in  the  way  common  to  alga*. 

The  female  organ— the  cyetocarp  is  jug  shape,  with  a  prominent  orifice. 
The  cystocarps  are  found  eciually  distributed  on  the  surfaces  of  the  thal- 
lus which  is  one  cell  thick.  The  interior  of  the  cystocarp  is  very  com- 
plicated. It  develops  from  an  apical  cell.  This  further  testifies  that  Dr. 
Schmitz's  theory  of  the  origin  of  the  reproductive  organs  of  the  red  al^'ji* 
is  true — namely,  they  are  terminal  growths,  or  branches  of  the  frond. 

Experiments  in  germinating  spores  were  quite  successful.  Carpophores 
were  cultivated  for  several  days  in  salt  water.  Cell  division  was  rapid 
and  there  were  young  filaments  developed  containing  KJ  to  20  cells.  The 
study  of  spore  jurermination  and  the  development  of  the  youn«r  plant  is  to 
be  continued. 


B«>TAMCAi.  KiKr.i)  woKK  IN  wh>TKRN  Idaifo.     By  D.  T.  Ma<  DortJAi,. 

As  may  be  seen  by  reference  to  the  map,  a  large  proportion  of  the  state 
of  Idaho  consists  of  a  triangular  mountain  mass,  with  its  greatest  length 
from  north  to  south,  reaching  in  places  an  elevation  of  14,0(K)  to  15,0(H) 
feet,  and  including  on  its  eastern  border  the  Bitter  Root,  Coeur  <r  Alene 
and  Rocky  Mountain  ranges.  ' 

Ik)tanical  explorations  have  been  carried  on  in  the  valley  of  Clark's 
Fork  of  the  Columbia  to  the  eastward  in  Montana,  in  the  basin  of  the 
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Snake  Hiver  in  soatheastem  and  southern  Idaho,  to  the  westward  in  the 
CoUimbian  plain  in  Washington,  and  in  the  northern  part  of  Idaho,  where 
the  Clark's  Fork  of  the  Columbia  cuts  its  wiay  westward  through  the 
mountains,  but  this  great  central  labyrinth  is  as  yet  an  unknown  land  to 
the  botanist,  nor  is  he  behind  his  brother  zoologist  in  this  matter. 

With  the  purpose  of  beginning  a  systematic  survey  that  should  finally 
include  this  whole  region,  Messrs.  J.  II.  Sandberg,  A.  A.  Heller  and  my- 
self, acting  under  the  direction  of  the  Botanical  Division  of  the  Depart- 
ment of  Agriculture,  undertook  at  the  beginning  of  the  last  season  the  ex- 
ploration of  a  portion  of  this  territory  along  the  western  border  of  the 
mountain  ranges. 

In  a<*cordance  with  this  plan,  we  took  the  field  with  a  camp  outfitted  at 
Lewiston,  at  the  head  of  navigation  of  Snake  river,  in  the  latter  part  of 
April,  and  worked  southward  till  we  struck  the  Craig  Mountains,  then 
swinging  around  northward,  followed  the  line  where  the  foot  hills  run 
down  to  meet  the  plain,  across  the  basins  of  the  Clearwater  and  Palouse 
rivers,  Lake  Coeur  d'  Alene,  and  Clark's  Fork  of  the  Columbia  river  at  its 
ex  pension  into  Lake  Pend  d'Oreille. 

This  route  was  chosen  because  it  offered  easy  access  to  widely  differing 
areas.  To  the  westward  lay  the  basaltic  Columbian  plains,  with  an  ele- 
vation of  700  to  2,500  feet,  with  its  vegetation  made  up  of  plants  peculiar 
to  the  Pacific  coast  flora;  to  the  eastward,  rising  in  successive  tiers,  were 
the  secondary  ranges,  composed  of  trachyte,  limestone,  quartz  and  granite, 
reaching  an  elevation  of  7,000  feet,  with  its  wide  range  of  plants  comprised 
in  the  R  >cky  Mountain  flora. 

The  diff'erence  between  these  two  areas  is  still  further  heightened  by 
the  peculiarities  of  the  climate.  The  basaltic  plain,  during  the  rainy  sea- 
son, which  ends  in  the  latter  part  of  May,  nupports  a  dense  growth  of  suc- 
culent, broad  leaved,  rapid  growing  plants,  which  mature  very  early. 
With  the  close  of  the  rainy  season,  the  soil  dries  into  dust  in  a  very  few 
days,  the  earlier  growth  dies,  and  is  replaced  by  hardy,  coarse,  narrow- 
leaved  forms  which  are  capable  of  enduring  the  extreme  heats  of  the 
summer.  In  the  mountains,  however,  the  water  supply  coming  from 
melting  snows  and  springs  is  more  equable,  and  we  have  a  greater  num- 
ber of  plants  which  endure  throughout  the  season. 

The  flora  of  both  regions  is  characterized  by  extreme  localization.  The 
limits  within  which  a  large  percentage  of  the  species  were  collected  ofien 
comprised  no  more  than  a  few  square  yards  or  a  few  acres.    As  examples 


may  be  given  Mimulus  i-ardinalis,  Castalia  Leibergii,  Corydalis  aurea,  Pol  y- 
gonnm  Kelloggii. 

Although  the  mountain  region  is  very  rich  in  AI^'  Lichens  Mosses  and 
Hepatics,  the  conditions  for  work  and  (character  of  our  outfit  made  it  nec- 
essary to  confine  our  attention  almost  wholly  to  the  Phanerogams  and 
Pteridophytes,  although  a  few  lower  forms  were  collected. 

In  all,  ample  material  of  about  1,000  species  was  brought  in,  which  is 
fairly  representative  of  the  region  explored. 


The  aitlu  ATiuN  ok  matukmatio  in  hotany.    By  Kathekink  E.  Golpkn. 

• 

The  tendency  in  the  sciences  is  toward  reducing  results  and  conclusions 
to  exactness,  as  far  as  possible,  and  this  is  as  true  for  botany  as  for  any 
of  the  so-called  exact  sciences.  The  tendency  being  toward  precision, 
naturally  the  use  of  mathematics  is  becoming  more  general  in  all  the 
sciences,  in  the  solution  of  problems  and  the  expression  of  results. 

In  physiological  botany,  especially,  the  use  of  mathematics  is  very  ap- 
]>licable,  for  a  great  many  of  the  principles  of  physiological  phenomena 
are  re<^lucible  to  the  principles  of  physics  and  chemistry,  which  are  repre- 
sented by  mathematical  formultc,  and  when  so  represented,  the  concei>- 
tion  of  the  phenomena  is  simplified,  and  is  divested  of  much  of  the  mys- 
teriousness  that  attaches  to  it,  as  fundamental  principles  are  often  easier 
id  comprehension  when  reduced  to  mathema'  ical  formulas.  For  instance, 
in  studying  the  absor])tion  of  gases  by  plants,  there  are  so  many  factors 
that  enter  the  solution  of  the  problem  that  the  subject  is  complex  to  a 
great  degree,  but  when  it  is  known  that  the  amount  of  gas  dissolved  from 
a  mixture  is  proportional  to  the  relative  volume  of  it  in  the  mixture  mul- 
tiplied by  its  coerticient  of  solubility,  the  quantities  of  gases  that  can  be 
dissolved  by  the  cell-sap  are  known,  and  a  definite  basis  is  obtained  from 
which  to  start,  and  to  take  into  consideration  other  conditions. 

To  show  the  estimate  that  Francis  Galton*  places  on  the  laws  governing 
the  life  of  plants,  in  his  work  on  *'  Natural  Inheritance,**  in  trying  to  ar- 
rive at  some  measurable  characteristic  by  which  to  determine  the  reason 
for  the  statistical  similarity  shown  in  successive  generations,  he  used 
sweet  peas  with  whiih  to  experiment,  separating  them  into  jjrroups  ac- 
^Francis  Gnlton.    Natural  Inheritaiu-e.  1889,  pp.  ?.KS2. 
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cording  to  size.    The  experiments  were  satisfactory,  as  they  gave  him  the 
data  which  he  sought,  thus  enabling  him  to  solve  the  problem. 

That  the  tendency  of  botanical  work  is  in  the  direction  of  mathematical 
preciseness  is  seen  in  the  works  of  Sachs,  Niigeli,  Wiesner  and  many  others. 
Sachs^'  has  worked  out  cell  division  in  a  masterly  manner.  By  means  of 
periclined  and  anticlined  planes  he  has  demonstrated  the  direction  of  the 
cell-divisions  in  a  growing  organ,  the  outline  of  the  organ  taking  the  form 
of  a  parabola,  a  hyperbola,  or  an  ellipse.  By  this  means  he  has  proven 
that  the  mode  of  cell-division  depends  entirely  upon  the  increase  in  vol- 
ume and  the  configuration  of  the  growing  organ,  and  not  upon  its  physi- 
ological or  morphological  significance.  From  his  work  he  has  formulated 
two  important  laws,  (I)  that  the  daughter-cells  are  usually  equal  to  one 
another  in  volume,  and  (2)  that  the  new  cell- walls  are  situated  at  right 
angles  to  those  already  present. 

Previous  to  Sachs'  work  it  was  supi>osed  that  it  was  possible  to  charac- 
terize the  true  morphological  or  phyloe^enetic  nature  of  an  organ  by  the 
way  in  which  cell  division  took  place. 

Sachs  has  also  studied  the  growing  apex  of  stems  and  roots  so  as  to  de- 
termine the  zone  of  greatest  growth.  From  the  tables  compiled  by  him 
there  are  certain  facts  deduced  which,  when  the  successive  zones  are  rep- 
resented by  A,  N,  X-j  X,  the  apical  zone  being  A,  the  zone  of  greatest 
growth  N,  and  the  last  zone  of  the  growing  region  N-i-x,  are  clearly  ex- 
pressed by  the  formula : 

A-:.A-1--A-  '2.    .    .  <-'N.:.>N-,  1>N-;  2  .    .    .  :  .-N-l-x. 

The  formula  indicating  the  relation  of  their  respective  increments. 

The  following  general  expression  is  used  by  Sachs  to  express  the  relative 
lengths  of  the  diflferent  tissues  after  isolation,  where  K,  C,  V,  1*,  stand  re- 
spectively for  epidermis,  cortex,  vascular  tissue  and  pith  : 

E<C     V  CP-  V     C>E. 

The  expression  also  states  the  relation  active  tension  of  the  layers,  for 
the  greater  the  compression,  the  greater  will  be  the  length  upon  isolation. 

Niigelit  has  demonstrated  the  movements  of  bacteria  in  air  and  water. 
He  classifies  them  into  groups  and  applying  the  general  formula  for  ve- 
locity Y=v2gh,  he  has  deduced  the  formula^  v=*  '^-—'    "^  which /<  is 

.1.  Sachs.  Arbciton  des  bot.  Inst,  in  Wiirzburg.  187s.  C)u  the  Physiology  of  Plants. 
1S87,  pp.  4.'n-45H. 

ft'.  V.  Xiigeli.    Vntersuchimgen  iiber  iiiedere  Pilze  aiis  dem  Pflanzenphysiolo^isebeii 
Instltiit  in  Miinchen.  1882. 


the  middle  vertical  diameter  of  the  body,  r,  is  the  specific  gravity  of  the 
body,  and   /-  the  specific  jrravity  of  the  fluid  for  the  movement  in  air 


I  2  ji  h  f  ri  —  r)  for  the  movement  in  any  liquid. 
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Wiesner"  has  done  a  great  deal  of  work  in  determining  the  application 

of  the  laws  for  different  gasen  to  epidermis  with  and  without  openings,  at 
the  atmospheric  pressure,  and  pressures  above  and  below  that  of  the  at- 
mosphere, and  with  dead  and  living,  dry  and  moist  membranes.  He  has 
made  sufficient  ei^periments  so  that  his  conclusions,  which  are  expressed 
by  mathematical  formuhc  in  many  rases,  are  general,  that  is,  his  formula 

-    '-in  which  .1  represents  the  absorption  coefficient,  and  d  the  density 

of  the  gas  is  general  for  the  epidermis,  free  from  stomata,  of  any  plant. 

.Aji  application  of  mathematics  that  one  does  not  often  see  outside  of 
the  statistician's  work  was  made  by  Dr.  Arthurt  in  his  work  on  pear 
blight.  In  this  there  wa^  a  set  of  determinations  made  as  to  the  succu- 
lency  of  the  fruit  of  the  Buifum  pear,  so  as  to  note  the  relation  between 
the  amount  of  moisture  and  the  extent  of  the  blight.  After  the  deter- 
minations were  made,  calculations  of  the  probable  error  in  the  results  were 
also  made,  finding  the  variation  in  the  determinations,  and  the  extreme 

variation  from   the  mean ;  using  the  tigifres  and  applying  the  formula, 

/  -  -    - 

1^  .  r>74o  .    in  whiirh  .x  is  the  sum  of  the  squares  of  the  differences  be- 

tween each  separate  observation  and  the  average  of  all,  and  /*  is  the  num- 
ber of  observations.  This  work  was  done  to  prove  its  correctness,  as  the 
accuracy  of  such  work  had  been  questioned. 

The  most  treneral  application  of  graphic  mathematics  is  the  rectilinear 
system  of  coordinates.  This  is  so  simple  in  the  construction  of  diagrams 
and  so  readily  understood  that  a  great  many  people  make  use  of  it.  Be- 
sides, one  diagram  will  show  the  relation  among  different  sets  of  data. 
Take,  for  example,  one  of  Sachs'  diagrams  showing  plant  growth.  Theab- 
scissic  represents  increments  of  time,  the  division  of  the  ordinates,  the  in- 
i-rements  in  length,  the  axis  of  abscissa*  represents  a  certain  temperature, 
and  a  certain  number  of  the  <livisionB  of  the  ordinates  represent  a  degree 
a  temperature.    Then  spaces  of  the  diagram  are  shaded  for  night.    The 


.1.  Wiosner.  VorKuche  iiber  deu  Ausgleich  des  (iasdriicke>  in  den  ^Jeweben  der 
Pllauzen,  187t».  ,1 .  Weisner  und  H.  Mollsch.  Intersuchungen  liber  dis  (tAsbewegung  in 
der  Pilanze,  1S8H, 

;j.  C.  Arthur.    .'>th  Ann.  Kep.  X.  V.  Kxp.  sta.,  1n8<'..  pi».  2S-1-2S'). 
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(turves  of  growth  and  temperature  are  represented  on  the  same  diagram, 
so  that  one  can  easily  tell  the  increment  of  growth  for  a  given  time  along 
with  the  factors  of  heat  and  light.  This  kind  of  diagram  is  especially 
valuable  if  the  experiment  be  written  in  a  language  that  one  does  not 
read  readily,  for  the  gist  of  the  work  can  be  gotten  from  the  diagram  with 
but  little  help  from  the  text. 

A  preat  deal  of  mathematical  work  has  been  done  in  phyllotaxy.  This 
work  consisted  in  the  first  place  in  imagining  a  line  proceeding  from  one 
of  the  older  lateral  members,  traversing  the  stem  to  right  or  left,  so  as  to 
Include  the  points  of  insertion  of  all  the  successive  lateral  members  in 
the  order  of  their  age.  This  line,  when  projected,  horizontally,  was  called 
the  genetic 'spiral,  but  as  the  line  is  a  helix,  its  horizontal  projection  could 
not  be  a  spiral. 

Then  in  working  out  the  law  of  the  phyllotaxis,  a  series  of  fractions 
were  formed,  the  numerator  expressing'  the  number  of  complete  revolu- 
tions round  the  stem,  starting  from  the  point  of  insertion  of  a  lateral 
organ  and  extending  to  the  orjjjan  directly  above  it;  the  denominator  ex- 
pressing the  number  of  joints  of  insertion  of  lateral  organs  passed  through. 
It  was  discovered  that  the  series  of  fractions  expressing  the  most  com- 
mon divergences  were  suc<esBive  convergents  of  the  continued  fraction. 

I and  it  waa  supposed  that  a  natural  law  had  been  found, 

"~ but  as  it  is  necessary  to  construct  new  continued  fraeti*  ms 

]    .  f~  for  many  of  the  ^live^gence^*,  this  proved  fallacious.    But 

Ti-  etc.  as  no  relation  has  been  found  to  exist  between  the  method 
and  anything  relating  to  plant  life,  the  method  has  but  little  value,  ex- 
cept from  the  mnemonic  point  of  view.  Work  on  this  subject  was  very 
popular  about  twenty  years  ago,  as  it  gave  people  an  opportunity  of  prov- 
ing that  they  knew  their  mathematics,  it  beinj;  somewhat  generally  sup- 
posed at  the  time  that  anyone  who  could  do  hU  mathematics  could  easily 
do  his  other  work. 

In  the  latest  bulletin*  issued  from  the  Ind.  Exj).  8ta.,  the  subject  of 
which  is  the  relation  of  number  of  eyes  on  the  seed  tuber  to  the  product, 
it  was  found  that  a  relation  existed  between  the  eye  of  the  seed  tuber  and 
the  number  of  stalks,  that  is,  when  the  eyes  formed  an  arithmetical  series, 
the  number  of  stalks,  i)er  unit  of  weight,  derived  from  them  formed  an 
approximate  hyperbolic  series.    To  a  scientific  person  this  result  means 


•J.  c.  Aribur.    Purdue  Exp.  sta.  Jnd.,  No.  42.  \f<f.Yl. 
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much,  for  the  results  are  definite  and  given  in  the  briefest  and  yet  the 
most  comprehensive  manner. 

When  engineers  publish  results  of  experiments,  they  express  the  con- 
ditions for,  and  the  results  of,  their  experiments  by  means  of  mathemat- 
ical formula'  as  much  as  possible,  and  the  tendency  among  botanists  is  to 
the  same  practice,  for  with  the  great  amount  of  literature  that  is  pub- 
lished annually,  the  putting  the  gist  of  the  matter  into  the  most  concise 
and  comprehensive  form  is  becoming  indispensable. 


Ox  THE  KERTILI/ATIOX  AND    DKVKLOI'MENT  OF  THE    EMBRYO  IN  sENE<lO  ATREUS. 
Kv  1).  M.  MOTTIER. 


DI8TRIIU  TION  OK  THE  XoRTH  A.MI-ilRKAX  (ArTAl  E.K.       By    JoHN    M.  COILTER. 


MaKCHANTIA     IHM.YMORPHA,    NOT    A    TYI»H  AL   oR    RKI'RESENTATI VE    I.IYKKWORT. 

Bv  L.  M.  rNDEjnvooi). 


IIOW  A  TENDRIL  < '011.9.         Bv  D.  T.  MArDoiiiAL. 


Forestry  kxhimit  ov  Indiana  at  the  Coia  mbiax  K\!*ositu»x.     By  Staxley 

(  Vni.TER. 


Notes  ox  tertain  ri.AXTs  oy  soithwestekn  Indiana.     Bv  John  S.  Wrujht. 

This  report  is  based  upon  about  two  weeks  of  field  work  done  during 
the  latter  part  of  September,  1892,  in  the  extreme  southwestern  part  of 
the  state,  by  D.  T.  MacDougal  and  J.  S.  Wright.  This  region  is  known  as 
the  ** pocket"  and  owing  to  its  peculiar  peninsular  position  has  an  over- 
lap of  a  northern  and  a  southern  flora. 

Notes  were  made  upon  the  distribution  and  condition  of  nearly  200 
forms. 
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Report  was  made  upon  a  depauperate  form  of  Bidem  cenina  T..^  found 
on  the  Wabash  banks. 

Among  the  forest  trees  special  notes  M-ere  made  upon  distribution,  size, 
«&c.,  of  Celtiii  mugissippiensis  Bosc;  Carya  olinfformis  Nutt ;  Qvtrous  brrata 
Walt.;  Diospffivit  nrginiana  L.,  and  Taxodium  di^ichmn  Richard. 


ElMDKRMlN  AND  SPINES  OF  (AtTAC  K  K.       By  K.  B.    TlIN'K. 

Before  entering  upon  the  revision  of  Cactaceic  now  in  preparation  un- 
der President  Coulter's  direction  at  Indiana  University,  a  series  of  inves- 
tigations on  the  minute  structure  of  such  material  as  was  then  available 
was  made  during  the  winter  and  spring  terms  of  1S92.  It  was  our  pur- 
pose not  only  to  learn  of  the  general  morphological  nature  of  the  family, 
but  also  to  discover,  if  possible,  any  new  diagnostic  characters  that  might 
be  of  service  in  the  revision.  T  have  therefore  selected  for  presentation 
only  such  peculiarities  of  structure  as  may  prove  of  most  use  in  specific 
determination. 

Though  nearly  a  year  had  passed  since  the  collection  of  the  material,  it 
was  still  green  and  in  good  condition,  with  tissues  fresh  and  distended  as 
in  growing  specimens  -thus  making  it  liighly  favorable  for  study.  Sixty- 
five  species  were  examined,  represented  generically  in  the  following 
proportions:     Mamillaria,  17;  Kchinocactuhi,  1(> ;  Cereus,21;  Opuntia,  11. 

The  most  striking  feature  at  first  sight  is  the  entire  absence  of  true  fo- 
liage. Naturally,  my  first  inquiry  was  for  some  specialized  organ  or  region 
which  should  represent,  and  perform  the  functions  of  the  missinjr  foliage. 
The  even  distribution  of  stomata  and  chlorophyll  over  the  entire  surface 
declares  the  plant  itself  to  be  one  gigantic  and  curious  leaf  so  far  as  func- 
tion is  concerned.  However,  regarding  leaves  as  devices  for  increasing 
surface  exposure  (expansion  of  surface  formed  by  the  ultimate  branch- 
ing of  the  fibro- vascular  system),  I  wai?  led  to  look  to  the  wart-like  mam- 
illjo  of  the  genus  Mamillaria,  and  to  the  tubercles  and  ribs  of  Cereus, 
Echinocactus  and  certain  species  of  Opuntia  as  the  homologues  of  leaves. 
Transverse  sections  of  the  tubercles  of  Mamillaria  vincromeris  show  fibro- 
vascular  brauchiDg  similar  to  that  of  the  leaf,— the  chief  difference  lying 
in  the  cylindrical  nature  of  the  one  as  distinct  from  the  fiat  surface  of 
the  other.  This  conclusion  is  verified  by  the  position  of  the  flowers  and 
branches,  which  in  nearly  all  cases  proceed  from  the  axils  of  the  tuber- 
cles and  mamilliv.   The  genus  Opuntia  alone  is  described  as  having  leaves. 
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The  minute,  subulate,  early  deciduous  leaves  of  this  j^enus  furnish  the 
nearest  approach  to  true  leaves  found  among  our  native  species. 

In  all  the  specimens  examined,  true  epidermal  and  hypodermal  regions 
occur  in  sharply  defined  outline.  The  cuticular  layer  is  >renerally  thick- 
ened and  Ik  clearly  distinguished  from  the  true  epidermal  walls.  It  be- 
comes thinner  as  it  nears  the  stoma,  and  is  easily  traced  into  the  air 
chamber  (?)  It  completely  lines  this  respiratory  cavity,  and,  as  Von  Mohl 
shows,  it  even  sends  out  open  tubes  into  the  adjoining  inter- cellular 
spaces.  The  range  in  thickness  passes  from  the  very  thin,  almost  imper- 
ceptible form  seen  in  Mamlllaria  nvtcronh-ris  to  the  astonishing  thickness  of 
that  seen  in  MamiUdria  iAnlialonium)  prismaticay  where  the  cuticle  is  fully 
ten  times  the  thickness  of  the  true  epidermal  layer  underneath.  The 
stoma  in  this  species  (communicates  with  the  outer  air  by  a  chimney-like 
canal  extending  upward  and  outward  through  the  cuticle.  This  canal  or 
chimney  is  beset  at  three  different  elevations  by  sets  of  four  flap  like  pro- 
jections which  extend  out  from  the  wall  in  such  manner  as  to  almost  en- 
tirely close  the  orifice.  1  have  failed  to  find  anywhere  any  mention  of 
these  projecting  appendages,  but  conclude  that  their  function  is  undoubt- 
edly that  of  accessory  guard  cells  of  the  i<lomn.  They  readily  expand  on 
application  of  moisture,  whi<h  fact  in  itself  is  sulficient  evidence  of  their 
purpose.  The  outer  wall  of  the  true  epidermis  in  this  species  barely 
reaches  an  average  development;  while  the  hypodermal  region  consists  of 
but  one  layer  of  moderately  thick-walled  narrow  cellrf.  The  only  remain- 
ing feature  of  the  cuticle  worthy  of  note  as  a  dia;rnostic  character  is  the 
undulation  of  surface,  which  is  displayed  in  certain  species.  Prominent 
elevations  occur  in  Cemin  Grequii.  Cneus  horizonthaJoniua,  var.  centroiq)inuH, 
and  in  Er}iinO(\ffUi»  pidyrephaluA. 

Definitive  characters  in  the  true  epidermis  are  not  abundant ;  but,  when 
they  do  occur,  they  are  distinct  and  unmistakable.  Three  species  of 
Opuntia  show  tangential  (?)  partitions  in  the  epidermis,  breaking  it  up 
into  two  or  more  rows.  Optnitki  phvacnnlhxi  haw  its  epidermis  thus 
thrown  into  eight  rows  of  exceedinirly  thin -walled  cells.  A  new  species  of 
cereus  (as  yet  unpublished)  has  as  high  as  nine  rows  of  this  thin- walled 
epidermis.  Species  having  two  layers  are  Echin.  pdifophafuti,  three  un- 
named species  of  Cereus  from  iSan  IjOvlib  l*otosi,  Mex.,  and  a  new  species  of 
Cereus  from  Casa  Urande,  Ariz.  The  most  curious  epidermis  in  the  entire 
collection  is  that  of  EchIn  hngifiamatus.  Since  there  is  nothing  like  it  in 
the  entire  number  observed,  it  is  well  deserving  of  more  than  passing  at- 
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tentioD.  In  other  specimens,  the  epidermal  cells  when  elongated  lie  in 
a  parallel  direction  with  the  line  of  outer  surface.  In  this  case,  they  are 
elongated  at  right  angles  to  the  outer  qurface.  Their  thread-like  walls 
are  contiguous  with  the  cuticle  on  the  outside ;  while,  on  the  inside,  they 
are  bounded  by  a  single  hypodermal  row.  Their  only  apparent  outer 
wall  is  the  thickened  cuticle. 

The  hypodermal  regions  seen  may  be  at  once  divided  into  two  classes. 
Those  of  the  first  and  larger  class  may  be  characterized  as  follows :  cells 
irregular,  in  several  layers:  walls  thick,  pitted,  collenchymatous.  The 
second  class,  on  the  other  hand,  are  thin-walle<l,  regular,  and  disposed  in 
one  layer.  Six  Mamil lariat  and  five  Cerei  will  fall  under  this  latter  class. 
The  highest  number  of  collenchyma  layers  is  nine,  found  in  Cerens  grandi- 
flora.  The  number  of  rows,  shape  of  cells  and  relative  thickness  of  walls 
appear  te  be  constant  within  the  limits  of  species,  and  may  be  of  ser\ire 
as  determinative  characters. 

It  remains  only  to  mention  the  calcium  oxalate  crystals,  which  are  of- 
ten distributed  as  constituents  of  the  cell-cont«nts,  both  in  the  epidermal 
and  in  the  hypodermal  tissue.  These  occur  in  the  form  of  simple,  soli- 
tary, klinorhombic  crystals,  or  more  fre(iuently  in  angular,  stellate 
groups.  In  size,  form  and  position  they  vary  exceedingly,  but  appear 
uniform  within  the  limits  of  the  same  species.  ( 'rystals  occurred  in  every 
Opuntia  and  in  every  Kchinocactus  examined.  In  Mamillaria  they  were 
frequent,  while  in  Cereus,  they  were  with  one  exception  entirely  wantintr. 

The  minute  structure  of  the  spines  is  exaspcratingly  uniform.  The 
outer,  or  epidermal  cells  are  usually  large  and  thin-walled,  while  in  the 
body  of  the  spine  the  walls  are  so  thick  as  to  entirely  close  the  cell  cavi- 
ties, as  is  the  case  in  all  dense  woody  tissues.  Often  there  is  a  gradual 
transition  from  one  to  the  other.  The  important  characters  arc  in  the 
outer  row  of  cells.  Kou;:h  projections  partaking  of  the  nature  of  tri- 
chomes,  and  extending  toward  the  spine  tip  are  common  in  C^ereus  and 
Echinocaotus.  In  Mamillaria  the  spines  are  smooth  or  rarely  pubescent, 
as  in  if.  pmWa,  (Irahami  and  allied  forms.  Those  of  the  cylindrical  and 
clavate  groups  of  Opuntia  are  without  exception  clothed  with  a  semi- 
transparent,  glistening  sheath ;  while  those  of  the  fiat-jointed  Opuntias 
are  naked.  Characteristic  of  Opuntia  spines  is  the  (onioal  arrangement 
of  fibers,  distinctly  seen  with  the  low  power  objective.  Spine  fibers  of 
other  genera  are  usually  parallel  from  base  to  tip,  whereas  here  they  are 
conically  arranged  with  the  summits  of  the  cones  at  the  extreme  tips  and 


their  bases  communicating  with  the  sheath  to  the  rear  of  the  tip  and  ad- 
jacent to  it.  AVhen  the  sheath  separates  from  the  spine  (which  happens 
very  early),  these  ends  of  the  fibers  at  the  base  of  the  cones  are  slightly 
lifted  from  the  surface  of  the  spine,  forming  sharp  barbs  extending  back- 
ward on  the  surface  near  the  tip.  This  conical  barbed  structure  is  likewise 
common  to  the  sheathless,  flat^joint  Opuntias,  and  extends  even  to  the 
minute  and  much-dreaded  bristles  of  the  same  genas.  It  is  this  property 
of  conical  arrangement  that  makes  the  prickly  pear  group  the  terror  of 
all  who  have  made  its  acquaintance. 

While  many  of  the  characters  brought  to  light  in  these  investigations 
are  artificial  as  must  naturally  result  in  tissues  so  responsive  to  envi- 
ronment as  epidermal  structures,  the  constancy  of  character  within 
the  same  species,  together  with  the  requisite  variation  in  features  pre- 
sented by  different  species,  can  not  but  be  of  service  to  those  engaged  in 
a  critical  study  of  the  family. 


TiiK  <;ENrs  CACTI  .s.     Bv  E.  M.Fisiiek. 

The  genus  Cactus,  as  it  stands  at  present,  consists  of  about  350  species 
and  varieties  from  Xorth  America,  of  which  only  twenty-five  species  and 
seven  varieties  have  been  reported  from  the  United  States.  All  these 
forms  are  small,  ranging  from  one  half  to  three  inches  in  diameter,  and 
are  distinguished  by  their  disconnected  tubercles. 

In  this  paper  it  is  proposed  to  consider  briefly  the  history  of  the  genus, 
an<l  the  classification  of  its  s]>ecies.  To  give  an  accurate  and  satisfactorA- 
history  of  this  genus  or  any  of  the  genera  of  Cactaceiii  is  a  very  difficult 
thing,  because  of  the  meager  descriptions  and  the  scarcity  of  early  litera- 
ture. Taking  1753  (^the  date  of  the  first  edition  of  Linna'us'  "  Species  Plan- 
tarum'')  as  our  datum-line,  and  tracing  both  backwards  and  forwards,  we 
reach  the  following  results:  In  this  first  edition  of  the  "Species  Plan- 
tarum,*'  Linnious  published  all  the  Cactaceio  with  which  he  was  acquainted 
under  one  genus.  Cactus,  which  he  subdivided  into  four  groups  called  Ecfii- 
iwmelociictm  (subrotund),  Ceni  (erect,  angular),  Cerii  (creeping  with  lateral 
roots),  and  Opuntia  (jointed,  compressed,  proliferous).  Previous  to  this 
(1737),  in  the  first  edition  of  the  Genera  Plantarum,  Linnjous  published 
Carf<«  as  embracing  the  genus  Cerem  oi  Jussieu's  Acta  Gallorum  (1710), 
and  Opuntia  and  Melocnctna  of  Tournefort's  yistitationes  (1719).    Meloccuius 
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,o£  Tournet'ort,  in  which  we  are  interested  at  present,  is  equal  to  Fianffes  or 
-Row  of  CommelinuB*  Hortus  Amistel  (ItiOT),  eqxiaMo  Ficoides  or  Ficns  oi 
Plakinet  Almag.  Botanica  { 16%),  equal  to  Erhino-meUK'actt'H  of  Ilerinannus 
Hortus  Lugdbt.  (1G87). 

Commencing  again  with  Linn.rus  (1753),  we  find  that  he  first  described 
the  species  Cacb's  mam'dlarim,  which  thus  seems  to  stand  an  the  type  of 
the  genus.  This  ^enus  of  28  species  was  not  disturbed  until  1812,  when 
liaworth.  in  his  Synopsis  Plan tarum  succulentarum,  separated  it  into  live 
genera,  Mamillaria^  Echhiocarfus,  Mehx-actuSy  CerenSf  and  Opimtiaf  discarding 
linnjrus'  name.  Cactus.  He  called  CcuUua  mamillariiai  I  .inn.  Mamillarl 
i^implex  Hawworth,  which  was  the  only  species  of  Linna'us  that  would 
fall  in  the  new  genus  MamilJarla.  At  this  time  (1812),  Mam illari a  con- 
sisted of  live  species.  In  is; JO  eight  species  were  recognized.  This  state 
of  affairs  was  not  molested  until  lust  year,  when  Dr.  O.  Kuntze  published 
his  Revisio  CJenera  Plantarum  and  re-established  the  Linna'an  genus  Cac- 
tfiSf  which  thus  equals  MamUlaria  Haworth,  chan^an^  over  3(K)  species  of 
MamiUaria  to  the  genus  Cactio*.  In  summary,  we  have  Cacttu<  />.,  re-estab- 
lished by  O.  fvuntze  (1891),  MamUlaria  Haworth  (1812),  Cwtm  L.  (175:J), 
Meloccictus  Tourn.  (1719)  in  part,  i'VfOw/es  or  i'^'ciiJ*  Com melinus  (1(597),  Fl- 
coides  or  MelocoHuA  Plukinet  (179(»),  Echino-meloradt'd  Hermannus  (lt)87). 

The  revision  of  the  genus  CoctuH^  like  the  other  genera  of  Cactacea^  is 
made  under  great  diliiculties,  because  of  the  lack  of  types,  and  insuflicient 
flowering  material.  Since  this  is  true,  and  because  a  specimen  is  almost 
useless  without  flowers,  according  to  the  present  system  of  keys,  we  have 
attempted  with  the  types  at  command  to  revise  the  genus  without  using 
liower  characters  but  by  using  those  parts  of  the  plant  which  are  always 
present,  the  tubercles  and  spines. 


SOMK  CAl  MIS  A(TIX<.   lUI  YsH)L(M.IC.\  i-KV  TOWARD   TlIK    DKSTRl  <TH>N    OV    TllVA'Ji  \S 

ciTiKs.     Hy  J.  V.  Arthur. 


An  AIXANOMKTKR  lORTIlK    RK<  ilSTKATION  <>FTHK    iiUOWTM  nV  STK.MS    IN  TIIKK- 

NES.S.     By  Katiikrine  E.  CIoldkn. 

The  main  feature  of  this  auxanometer  for  measuring  growth  in  thick- 
ness is  a  balanced  glass  arm,  supported  near  one  end.  The  lon^  end  has 
a  bristle  fastened  to  it  that  comes  in  contact  with  a  blackened  glass  rod 
carried  round  on  ii  brass  spool,  the  spool  being  revolved  by  a  clock. 
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The  glass  arm  is  supported  in  a  short  glass  tube  that  is  held  between 
two  hardened  steel  points,  the  points  being  a^ljustable  through  the  arms 
of  a  brass  y.  Close  behind  the  steel  points  is  a  small  fork ;  this  fork,  with 
the  glass  arm  embraces  the  stem  of  the  plant,  the  fork  permitting  an  adjust- 
ment for  large  or  small  stems.  These  pieces  of  mechanism  are  supported 
by  a  long  wooden  beam,  that  has  a  beveling  near  the  end  sapporting  the 
arm.    This  adjustment  is  to  accommodate  plants  .of  varying  height. 

At  the  long  end  of  the  glass  arm,  and  supported  by  the  beam,  is  a  small 
wooden  platform  that  in  turn  supports  the  revolving  spool.  The  axis  of 
the  spool  is  extended  at  one  end  beyond  its  supports,  and  carries  a  grooved 
pulley,  which  is  connected  with  a  similar  grooved  pulley  attached  to  the 
hour  hand  spindle  of  the  clock  by  means  of  a  small  rubber  band.  The 
friction  between  the  rubber  and  the  grooved  pulleys,  and  the  uniform 
tension  obtained,  precludes  slipping. 

The  way  the  instrument  is  used  is  to  place  the  stem  of  the  plant  be- 
tween the  fixed  fork  and  short  arm  of  the  glass  rod.  The  distance  between 
the  point  of  contact  of  the  plant  and  the  pivot  is  ^  of  the  distance  from 
the  blackened  glass  rod  to  the  pivot,  so  that  any  growth  of  the  plant  is 
magnified  40  times  on  the  blackened  rod.  Thus  a  groifv'th  of  x^j(f  of  an  inch 
will  be  represented  by  ^  of  an  inch  on  the  blackened  rod. 

One  of  the  features  of  the  blackened  glass  rod  is  that  a  permanent  rec- 
ord can  be  obtained  by  making  a  print  of  it  on  sensitized  paper,  from 
which  direct  measurements  can  be  made. 


A  .STATK  |{IOI.O(.UAL  SIKVKY  — A  .SlHiiJESTION    FOR   OUR   SPRING    MEETIXc;       Bv   L. 

M.  Underwooik 


The  atk  ai.  «.RO\vTn  of  the  ruALLrs  of  Frcrs  vesici losis.     Bv  D.  M.  Mot- 

TIER. 


Symijiq>i.s  in  or(  iiiDArEK.     Bv  M.  B.  Thomas. 
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X<)TEr<  ON  I'EDIASTRl  M.      W.  L.  BrAY. 

[Absti:  \<r.\ 

Specimens  of  Pediaetriim  were  kept  under  cover  glass,  in  moist  cham- 
ber, for  12  days.  In  this  preparation  was  observed,  in  a  number  of  cases, 
the  breaking  up  and  swarming  of  the  contents  of  a  single  cell  toiorm  new 
colonies.  From  a  sixteen  celled  specimen  three  cells  "  swarmed,''  each 
reiving  rise  to  colonies  of  32  cells.  Inner  lamella  of  mother  cell  escapes  as 
the  enclosing  membrane  of  swarming  spores.  This  membrane  increases 
in  size,  as  did  also  the  spores,  while  swarming.  Spores  swarmed  with 
jerky  movement  about  thirty  minutes,  gradually  assuming  the  nymmetri- 
cal  and  permanent  position  characteristic  of  the  colony,  when  motion 
ceased.  Protuberances  (spines)  began  to  appear  on  outer  circle  of  cells  of 
new  colony  in  12  to  20  hours.  In  one  or  two  cases  the  enclosing  mem- 
brane remained  24  hours. 

Individual  cells  of  mother  colony  remained  undivided  for  twelve  days, 
becoming  several  times  the  size  of  their  fellows  which  had  swarmed,  very 
turgid  and  rounded  as  if  growing  independently.  From  another  collection 
one  case  was  observed  where  contents  of  a  cell  broke  up  into  male  swarm 
spores.    Not  able  to  be  sufficiently  observed  for  more  definite  statements. 


Notes  on  tiik  oents  i.ytta.     By  \V.  P.  Shannon. 


The  «iKNi>  cowALLORHiZA.      Bv  M.  B.  Thomas. 


Notes  on  thk  flora  of  thk  Chilhowkk  and  (treat  Smoky  moixtains.     Bv 
Stanley  Coim/per. 


The  need  of  a  lar(je  liurary  of  reference  in  cRYiTO^iAMic  mrrANY  in  In- 
diana ;  WHAT  THE  <OLLE<.ES  are  DOLVti  TO  Sl'ITLY  THE  DEFICIENCY.  By 
L.  M.   rNDERW0<»D. 


Botanical  asskmbliks  in  tiik  T'nitkd  Statkm  axnoinced fok the  yeah  IMiKJ, 
By  J.  C.  ARTiirR. 


Development  of  ovule  in  a.ster  and  solidacio.     By  (i.  W.  Martin. 


The  Lilly  iiEKUABirM  and  its  work.    By  John  S.  Wrujiit. 

The  herbarium,  though  connected  with  a  pharmaceutical  laboratory, 
does  not  differ  in  essential  features  from  that  of  any  college,  where  the 
purpose  is  to  do  work  in  systematic  botany.  While  medicinal  forms  are 
especially  sought  for,  it  is  the  policy  of  its  supporters  to  build  up  a  lar^ 
general  plant  collection,  and  to  this  end  collections  of  plants  have  been 
secured  from  many  parts  of  the  world,  irrespective  of  medicinal  forms 
which  they  might  contain.  The  botani(*al  laboratory  maintained  in  con- 
nection with  the  herbarium  is  arranged  for  work  in  structural  botany, 
with  ample  equipment  for  histological  work,  in  the  way  of  microtomes, 
microscopes  and  accessories.  The  laboratory  and  herbarium  have  been 
organized  to  detect  adulterations  and  substitutions  in  drugs  of  botanic 
origin,  and  to  do  researcii  work  in  botany  as  it  pertains  to  pharmacy. 


NoTP>  ON  root  TrHEKCLES  OK    INDKiENOl'S  AND    KX(MJENOl  S    LEiil'MES  IN  VlRl.IN 
SOIL  OF  TIIK  NORTinVERT.       By  H.  L.   BOLLEY. 


Additional  fajts  uE(;ARi)iN(i  fouicst  j>istkiuition  in  Indiana.     Uv  Stanley 

COULTKH. 


EVIDKNC  E«    OK    man's    EAKLY     EXISTENCE    IN    INDIANA,  FROM  THE   OLDEST    KI\  EK 
<1RAVEI«S  ALONO  THE  WhITEWATEK  RIVER.       Bv  A.  W.  BlTLER. 
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TiiK  Crawkohi)  movnd.     ]\y  11.  M.  Stoops. 


NoTKs  ON  ar<'h.v:oi.(m;y  in  Mkxko.     I>v  .1.  T.  S« ovki.i.. 


Some  KKFErxs  of  MrnLATiov  on  the  forms  of  leaf  and  se\  of  moijo  ai.ua 

AND  MORIS  NIOUA.       Wv  A.   N.  SoMEKS. 


Ancient  eartiiwouks  near  Ani)Eiis<)N,  Indiana      \\y  Francis  A.  Walker. 

Near  Anderson,  Madison  county,  Indiana,  there  is  a  system  of  earth 
works  consisting  of  one  large  and  six  smaller  ones,  the  small  ones  lying 
south  and  west  of  the  large  one.  It  is  on  the  south  half  of  Section  1(), 
Township  liJ  north,  Bange  s  east,  and  three  miles  east  southeast  of  the 
courthouse. 

The  principal  work  is  a  circular  embankment  with  a  ditch  on  the  inside 
next  to  the  embankment,  with  an  enclosed  area,  and  a  small  mound  in 
the  center  of  the  enclosure.  A  gateway  opens  to  the  south  10  degrees  30 
ininutef»  west  of  the  center  of  the  mound,  oO  feet  in  width,  as  the  ditch 
terminates  on  each  side  of  it.  The  work  is  a  true  circle  I^iO  feet  iu  diam- 
eter and  l,i:U  feet  in  circumference,  with  an  area  of  2..'V>  acres.  The  en- 
closed part  within  the  ditch  is  140  feet  in  tliameter,  with  an  area  of  .35 
of  an  acre. 

The  ditch  is  (»0  feet  wide,  and  the  embankment  at  its  base  .">0  feet  wide. 
The  entire  central  area  has  been  filled  a  depth  of  'k'2  feet,  and  the  central 
mound,  which  is  '">5  feet  in  diameter,  is  3.75  feet  above  the  central  area. 

The  embankment  has  an  average  height  of  8.4  feet,  with  a  variance  of 
3.3  feet,  the  same  not  being  ol  uniform  height,  the  highest  point  being  9.5 
feet. 

The  average  depth  of  the  <litch  is  i\,\)2  feet,  the  depth  not  being  uniform, 
it  also  varying  3.3  feet,  and  as  compared  with  the  central  area  is  10.12  feet, 
with  a  maximum  depth  of  11.75  feet.  The  average  distance  from  the  top 
of  the  embankment  to  the  bottom  of  the  ditx.^h  is  14.%  feet. 

Of  the  smaller  works,  three  are  northwest,  two  southwest  and  one  south- 
east of  the  large  one.    The  principal  one  of  these  is  105  feet  north  70  de- 


grees  30  mijuitee  west  of  the  center  of  the  large  one.  It  is  oblong  and  irreg- 
ular in  shape,  the  center  constrii'ted,  and  has  an  extreme  length  from  out- 
side to  outside  of  200  feet,  the  long  diameter  being  at  a  bearing  of  north 
5<i  degrees  west. 

There  is  an  embankment  of  irregular  height,  not  to  exceed  :>  feet,  and  a 
ditch  within  from  1  to  '>  feet  deep,  and  a  small  mound  at  the  west  end  of 
the  central  area.  It  is  146  feet  in  diameter  from  outside  to  outside  at  each 
end  of  the  work,  and  the  constricted  part  is  142  feet  in  diameter.  The 
central  area  is  75  feet  at  the  east  end,  85  feet  at  the  west  end,  and  the  con- 
stricted part  only  60  feet  in  diameter. 

Northwest  of  this  work,  and  552  feet  north  75  degrees  50  minutes  west 
of  the  center  of  the  large  work  is  a  circular  mound,  without  ditch  or 
embankment,  GO  foet  in  diameter  and  about  18  inches  high. 

The  other  mound  in  this  group  of  three  is  64  degrees  and  30  minutes 
west  of  the  center  of  the  large  one,  irregular  in  shape  and  outline  and 
is  hard  to  trace.  It  is  almost  contiguous  to  the  embankment  of  the  large 
work,  and  there  now  remains  but  a  faint  trace  of  the  ditch  and  embank- 
ment. 

At  a  point  south  54  degrees  45  minutes  west  distant  446  feet  from  the 
center  of  the  large  work  is  a  small  one  100  feet  in  diameter.  It  is  a  true 
circle,  with  an  embankment  and  ditch  within,  and  a  central  area  of  47 
feet  in  diameter.  There  is  a  gateway  south  66  degrees  30  minutes  east, 
and  from  the  top  of  the  embankment  to  the  bottom  of  the  ditch  it  is  2A 
feet.    This  mound  is  very  regular  and  clearly  defined. 

South  of  this  one  710  feet  south  14  de^rrees  30  minutes  west  of  the  cen- 
ter of  the  main  work  is  another  small  work,  also  100  feet  in  diameter. 
The  public  road  runs  through  this  and  has  destroyed  all  but  the  north 
embankment,  which  is  about  18  inches  from  the  top  of  the  embankment 
to  the  bottom  of  the  ditch  within. 

Two  hundred  twenty«five  feet  south  36  degrees  east  of  the  center  of  the 
main  work  is  another  figure  33  feet  in  diameter,  with  gateways  at  the  op- 
posite ends.  There  is  another  embankment  with  a  ditch  within,  and  it 
is  about  18  inches  from  the  top  of  the  embankment  to  the  bottom  of  the 
ditch. 

This  group,  known  throughout  the  adjoining  country  as  *'The  Mounds," 
is  on  the  south  bank  of  White  River,  on  a  bluff  75  feet  in  height.  The 
point  of  location  is  the  highest  in  this  vicinity,  and  commands  a  view  of 
the  surrounding  countr\'.    There  is  a  deep  ravine  on  the  west,  and  one 
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also  east  of  the  works  which  is  about  half  way  between  them,  the  ravines 
being  one  quarter  of  a  mile  apart.  The  large  work  is  about  200  feet  south 
of  the  brink  of  the  river  bluff,  and  one  arm  of  a  small  ravine  north  of  it 
comes  up  close  to  the  west  side  of  the  principal  work  in  the  group  of 
three.  At  the  base  of  the  bluff  and  in  the  east  and  smaller  ravine  there 
are  a  number  of  lar^e,  bold,  running'  springs  of  chalybeate  water.  The 
bluff  i^^  composed  of  clay,  sand  and  gravel,  the  sand  and  gravel  being  at 
the  base,  and  out  of  this  the  water  flows. 

"The  Mounds,"  as  they  are  usually  called,  are  in  a  forest  of  oak,  beech, 
walnut  and  ash  timber.  »Some  very  large  trees  grew  on  the  embank- 
ments ;  among  others,  several  walnut,  which  have  been  cut  off.  One,  four 
feet  in  diameter,  the  stump  of  which  is  now  gone,  grew  on  the  work  first 
described,  lying  northwest  of  the  large  one. 

The  works  still  remain  covered  with  a  growth  of  timber  in  no  respects 
differing  from  the  adjoining  forest. 

In  the  bottom  of  the  ditch  on  the  east  side  of  the  large  work  there  lies 
a  granite  boulder  about  three  feet  in  diameter,  apparently  where  left  when 
the  ditch  was  being  dug. 

The  river  and  the  ravines  on  each  side  afford  excellent  drainage,  and 
the  thick  layer  of  leaves  protect  the  embankment  from  erosion.  The 
embankments  being  so  heavy,  the  water  that  gathers  within  is  not  able 
to  force  its  way  through,  and  no  gullies  or  washes  have  occurred ;  in  fact, 
the  whole  system,  especially  the  large  work,  is  in  an  excellent  state  of 
preservation  and  seemingly  as  perfect  as  when  abandoned  by  the  Builders. 

About  ten  years  ago,  the  writer,  in  company  with  Dr.  Joseph  Tingley, 
thenof  Aabury  Tniversity,  made  an  excavation  in  the  center  of  the 
mound  in  the  main  works.  At  a  depth  of  about  four  feet  we  found  a  bed 
of  ashes,  charcoal,  and  burned  bones,  the  bones  crumbling  on  exposure  to 
the  atmosphere.  Dr.  Tingley  claimed  they  were  not  human  bones,  but  of 
some  small  animal.  AVe  found  no  stone  or  any  arrangement  of  the  earth 
in  the  form  of  an  altar,  and  the  lire  seemed  to  have  been  there  before  the 
mound  was  built  above  it.  The  earth  was  baked  and  reddened  by  the 
action  of  the  intense  heat  of  the  same.  Over  this  the  mound  was  then 
built  as  indicated.  We  dug  down  about  two  feet  below  this  stratum,  but 
found  no  further  evidence  of  fire  or  any  unusual  arrangement  of  earth, 
nor  any  evidence  that  the  same  had  been  disturbed,  further  than  in  the 
construction  of  the  central  area,  which  ha<l  been  filled  as  before  men- 
tioned. 
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Directly  north  of  the  main  work  on  the  side  of  the  bluff,  about  ten  feet 
above  low  water  mark,  is  an  outi'ropping  of  hard  pan,  under  which  one 
can  enter  for  a  short  distance  through  an  opening. 

'  In  the  neighborhood  of  the  Mounds  there  is  a  tradition  that  there  is  a 
cave  underneath  this  hard  pan,  connected  with  the  works.  The  writer 
has  not  been  able  to  find  any  one  who  has  any  definite  knowledge  about 
it,  and  upon  examination  of  the  same  himself,  this  opening  seemed  to  be 
nothing  more  than  a  fox  hole  in  the  gravel  underneath  this  outcropping. 

These  earth  works  have  an  excellent  location  as  a  pleasure  resort.  They 
are  located  in  a  forest  of  about  100  acres.  On  the  north  side  of  this  forest 
Hows  White  River,  and  on  the  south  is  the  road  leading  from  Anderson 
to  Muncie.  The  Big  4  Railroad  runs  about  a  quarter  of  a  mile  south  of 
the  forest,  and  in  the  summer  time  there  are  freiiuently  excursions  from 
Anderson,  Muncie  and  points  along  the  Big  4. 

The  real  estate  on  which  these  works  are  located  l)elong8  to  [>arties  who 
have  no  knowledge  of  their  worth  as  pre* historic  remains,  and  who  value 
them  solely  from  a  commercial  standpoint. 

The  city  of  Anderson  has  extende<l  in  this  direction  about  one  and  one- 
half  miles,  and  the  purchase  of  this  real  estate  has  been  in  contemplation 
by  parties  who  proposed  converting  the  same  into  a  pleasure  resort,  and 
there  is  a  possibility,  as  it  is  located  so  near  the  city,  of  the  grounds  passing 
into  other  hands,  the  forest  being  cleared  away  and  changes  made  in  the 
original  outlincH,  and  the  value  of  these  works,  as  pre-historic  remains, 
destroyed. 

It  is  not  the  object  to  advance  any  theory  or  to  speculate  'upon  the 
purpose  of  the  builders  of  this  system  of  earth  works,  but  to  give  data  and 
facts  as  to  their  form,  size  and  location,  so  that  should  anything  occur  by 
which  they  would  be  changed  or  destroyed,  these  facts  might  be  pre- 
served. 

In  addition  to  the  measurements  above  given,  drawings,  maps  and  cross 
sections  have  been  made  and  photographs  taken. 

The  writer,  with  Dr.  J.  M.  Coulter  and  \V.  S.  Kllis,  visited  these  works, 
and  while  there.  Dr.  Coulter  suggested  that  such  action  be  taken,  and  it 
was  done  at  his  suggestion. 

There  is  a  further  purpose  in  this  paper  that  facts  may  be  presented  to 
this  body  and  an  interest  create<l,  and  if  these  works  are  found  of  sufficient 
importance,  steps  be  taken,  looking  to  their  preservation.  In  their  local- 
ity, they  are  looked  upon  simply  as  a  curiosity,   with  little  thoujrht  of 
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their  real  worth.  A  few,  however,  are  uianifesting  an  interest,  and  are 
ready  to  co-operate  with  this  body  in  anything  that  may  be  done,  either 
in  the  way  of  securing  further  facts  or  preventing  their  destruction. 
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Some  Indian  (Amimni;  sites  near  Bkookvim.e.     By  A.  \V.  Biti-er. 


Rkmarkaijle  i'rehistokk;  relh-.      By  E.  Pi. has. 


The  Bkins'  (jroii*  of  moi  nds.     \W  H.  M.  Stcmu's. 


The  woLND^  OF  Brookvim.e  To\vN>nir,  Fuanki.ix  cofnty,  Indiana.     By  II. 
M.  Stooi-s. 


Kemark*»on  aimii  f.ol(m;i(ai.  map  making.     By  A.  W.  Bi  tkei:. 


Explorations  in  Westkrn  Canada.     By  C.  H.  Ki(;knmann. 

[Abstract.] 
An  account  was  given  of  explorations  undertaken  under  the  auspices  of 
the  British  Museum  from  Winnipeg  to  the  Pacific  coast,  and  from  Port- 
land, Ore.,  eastward.  The  headwaters  of  the  following  rivers  were  crossed 
and  their  fish  faunas  compared :  The  Red  River  of  the  North,  the  Sas- 
katchewan, the  Columbia,  the  Fraser,  the  Missouri.  About  twenty  per 
cent,  of  the  species  collected  were  new  to  science.  The  most  interestin^r 
of  these  was  a  new  genus  of  Percoimthv,  Columbia  from  Oregon.  Se.veral 
8[>ecie8  not  before  taken  on  the  Western  slope  were  obtained.  It  was 
noticed  that  the  number  of  fin  rays  of  Pacific  slope  fishes  was  increased 
over  their  Atlantic  slope  relatives,  or  else  some  of  the  rays  were  modified 
into  spines,  as  in  the  case  of  Columbia  and  Meda. 


Notes  ON  the  loss  of  the  vomerine  tekth  with  A(iK  in  the  malksokthk 
salamander,  DFj^MOGNATiirs  FistA.    By  F.  C.  Test. 


The  work  of  the  U.  S.  fish  commission  steamer  Albatross  in  the  North 

Pacific  and  Bering  sea  in  1892.    Bv  B.  W.  Evermann. 

[Abstract.] 

Last  winter  a  treaty  was  entered  into  between  the  governments  of  the 
United  States  and  Great  Britain,  in  which  it  was  agreed  to  leave  the  var- 
ious questions  in  dispute  regarding  the  fur-seal  fisheries  to  a  board  of 
arbitration,  which  will  meet  at  Paris  next  March. 

Very  soon  after  the  signing  ol  this  treaty,  the  State  Department  re- 
quested the  Commissioner  of  Fish  and  Fisheries  to  undertake  the  collect- 
ing of  information  regarding  the  fur-seal  of  the  North  Pacific  and  Bering 
sea. 

It  was  very  .soon  arranged  that  the  Fish  Commission  should  undertake 
the  work,  the  U.  S.  Fish  Commission  steamer,  AVxttrosi*,  then  as  now. 
on  the  Pacific  coast,  was  detailed  for  the  purpose,  and  it  fell  to  my  lot  to 
loe  sent  out  as  Senior  Naturalist  of  the  scientific  stafi*  of  the  AUtatross  to 
have  immediate  charge  of  the  proposed  investigations. 

It  was  within  the  scope  of  the  investigations  to  study  the  movements 


«»!  the  eeale  during  their  return  in  the  spring  to  their  breeding  grounds,  to 
note  the  position  of  the  herds  from  day  to  day,  whether  the  two  sexes 
and  the  younjrer  seals  all  traveled  together  or  in  separate  herds ;  we  were 
also  to  determine  experimentally  the  relative  effectiveness  of  the  differ- 
ent methods  of  killing  the  seal  at  sea,  the  percentage  of  seals  lost  by 
each  method,  the  percentage  of  males,  females,  or  young  killed  in  indis- 
criminate hunting;  a  stud}' was  also  to  be  made  of  their  food  and  food- 
habits  :  in  short,  attention  was  to  be  paid  to  everything  which  would 
throw  any  light  upon  the  natural  history  of  this  valuable  animal. 

I  joined  the  AVrntrosi^  at  Port  Townsend,  Washington,  March  27,  and 
lour  days  later  we  steamed  through  the  Straits  of  Fuca  and  began  our  in- 
vestigations in  the  North  Pacific.  At  this  time  it  is  not  proper  that  the 
details  or  results  of  the  work  should  be  given.  Sullioe  it  to  say  that  the 
investigations  and  studies  of  seal-life  were  continued  until  September, 
and  that  during  that  time  the  Alffati'(/.'i«  was  pretty  well  over  the  North 
Pacific  and  Tiering  Sea,  and  made  special  visits  to  a  number  of  points  on 
the  mainland  of  Alaska  as  well  as  to  numerous  islands.  Among  the 
places  visited  may  be  mentioned  Sitka,  Prince  William  Sound,  Cook's 
Inlet.  Kadiak, various  islands  of  the  Aleutian  chain,  the  Commander  Islands 
only  eighty  miles  otf  the  Asiatic  coast,  and  the  Pribilof  Islands,  where  are 
situated  all  the  breeding  grounds  of  our  fur-seal,  and  where  1  spent  two 
weeks  studying  the  seals  upon  the  rookeries. 

The  report  upon  the  entire  summer's  work  of  the  Alhati'0!<i<  concerning 
the  seal  is  now  in  the  hands  of  the  State  Department,  and  cannot  now  be 
made  public;  but  while  carrying  on  this  work  oi>portunities  occurred  for 
making  collections  in  other  lines  of  natural  history,  and  I  was,  of  course, 
not  slow  in  availing  myself  of  them. 

The  collection  of  fishes  is  iiuite  larv:e,  and  contains  a  number  of  inter- 
esting species  from  Sitka,  I'nalaska,  Atka,  Attu  and  Bering  Island. 

Among  these  is  a  very  fine  series  of  the  Atka  mackerel,  Phtirogranimin^ 
ttionoj»ttfrigenA,  an  important  food-fish,  hitherto  but  poorly  represented  in 
museums. 

An  important  collection  of  birds  was  also  made,  a  part  of  which  collec- 
tion -  the  ptarmigan    is  treated  in  another  paper. 

Several  hundred  ])lant6  were  collected,  chiofiy  at  Cnalaeka,  the  Pribilof 
Islands,  and  Sitka. 

All  these  collections  are  now  bein-j  studied,  and  will  be  reported  upon 
in  dae  time. 


Early  sTA<iEs  in  thk  dkvei.oi'MKnt  ok  <YMATO(iAsTKi:.*     Bv  Caul  H.  Ekjen- 
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MANN. 

The  investigation  of  which  this  is  an  abstract  has  been  conducted  with 
vtirious  intermissions  since  December  1888.  I  present  here  simply  the 
result.  The  proof  for  any  one  of  the  propositions  would  take  up  more 
than  the  time  allotted  for  all  of  them.  The  details  with  all  necessary  fig- 
ures will  be  published  during  the  year  by  the  U.  S.  Eish  Commission. 

A  large  per  cent,  of  the  California  fishes  bring  forth  their  young  alive. 
The  members  of  one  family  of  these  fishes,  the  SeorpaTiidn^  bring  forth 
many  thousands  of  young  in  a  very  immature  condition.  The  members  of 
the  other  family,  the  Emhiotocida:,  brinjr  forth  comparatively  few  young, 
3-80,  but  theiiie  are  sometimes  an  inch  or  two  in  length  and  resemble  the 
parent  as  much  as  the  new  born  mammal  resembles  its  parent.  It  is  this 
family  which  is  of  great  interest  and  to  which  I  devoted  most  of  my  time. 
After  examining  many  of  the  species  just  before  and  during  gestation  I 
selected  Cj/inaiogcuter  for  a  special  study,  because  the  peculiarities  have 
become  most  marked  in  this  species.    The  results  are  as  follows : 

1.  Copulation  takes  place  in  July.  This  statement  is  based  on  the  fact 
that  the  testes  of  the  male  are  very  much  enlarged  at  this  time  and  on 
the  fact  that  the  ovaries  from  now  on  are  filled  with  spermatozoons.  The 
act  of  copulation  has  not  been  observed. 

2.  The  secondary  sexual  differences  are  considerable — among  them 
may  be  mentioned  a  small  gland  or  bag  on  either  side  of  the  anal  of  the 
male.  From  it  extends  a  papilla  forward  to  beyond  the  anterior  margin 
of  the  fin. 

o.  The  spermatozoa  have  a  long  ro<l-shaped  head  in  place  of  the 
globular  one  usual  in  fishes. 

4.  The  spermatozoa  remain  dormant  in  the  ovary  till  December 
when  they  become  exceedingly  active. 

5.  The  eggs  mature  and  are  fertilized  between  November  Ist  and  Febru- 
ary 1st,  the  largest  fishes  maturing  the  eggs  earliest,  the  next  in  size  a 
little  later  and  the  smallest  individuals  last. 

(i.  Those  spermatozoa  not  utilized  in  fertilization  remain  in  the  ovar>' 
for  several  weeks  longer.  They  are  finally  eaten  by  the  larva-  when  the 
digestive  tract  of  the  latter  has  been  sufficiently  developed. 

7.    During  the  early  stages  of  gestation  the  females  remain  in  shallow 


''  I  have  hitherto  referred  to  this  fish  as  Minnutih-ns.    A  re-examination  of  the  litent- 
ture  bearing  on  the  subject  i)roves  that  this  name  is  not  available. 


water ;  males  are  then  rarely  seen.  L;iter  they  become  scarce  but  near 
the  time  the  young  are  freed  and  shortly  afterwards  they  are  again  found 
in  shallow  water. 

S.  The  largest  ovarian  eggs  measure  about  ..*>  mm.  in  diameter.  Dur- 
ing the  process  of  maturation  the  egg  contents  shrink  to  a  diameter  of  ."2 
mm.  or  to  less  than  one-third  of  its  maximum  size. 

SK  The  egg  of  this  fish,  Ci/matogastrr  ag(jregalm^  is  130  times  smaller  than 
the  normal  fish  egg  which  has  an  average  diameter  of  1  mm. 

10.  This  small  sixe  is  largely  if  not  entirely  due  to  the  non-formation 
of  deutoplasm. 

11.  The  egg  is  fertilized  while  still  in  the  follicle.  Some  sections 
show  the  extrusion  of  the  second  polar  globule  and  the  presence  of  the 
male  pronucleus  in  an  egg  still  surrounded  by  the  cells  of  the  follicle; 
The  latter  have  begun  to  degenerate. 

12.  The  development  begins  after  the  egg  has  been  freed  from  the  fol- 
licle. Eggs  with  one.  two,  four,  eight  and  sixteen  cells  as  well  as  many 
later  stages  were  found  free  in  the  ovary. 

13.  Neither  the  developing  eggs  nor  the  young  are  in  later  stages  at 
any  time  connected  with  the  parent  nor  is  the  position  of  these  in  rela- 
tion to  the  ovarian  structures  a  fixed  one. 

14.  The  duration  of  gestation  is  probably  five  months  and  the  number 
of  young  from  three  to  twenty  according:  to  the  size  of  the  parent.  In  less 
than  a  year  after  birth  the  young  are  with  young. 

ir>.  The  food  of  the  young  is  supplied  by  the  epithelium  of  the  ovary. 
The  cells  enlarge  and  become  clear,  when  they  collapse,  their  contents 
are  emptied  into  the  lumen  of  the  ovary  and  the  framework  of  the  cells 
soon  follows.  When  the  intestine  begins  its  work  the  spermatozoa  serve 
as  part  of  the  food.  The  ovary  at  no  time  was  observed  to  contain  more 
fluids  than  the  peritoneal  cavity.  ( In  other  species  considerable  fluid  is 
sometimes  present,  i  Before  the  <levelopment  of  the  alimentary  tract  tl  e 
ovariarn  fluid  is  probably  appropriated  by  a  process  of  intercellular  diges- 
tion on  the  part  of  the  epidermal  cells. 

1<>.  The  yolk  is  a  waning  structure  and  can  scarcely  be  taken  into  con- 
sideration in  accounting  for  the  growth  of  early  stages. 

17.  During  the  whole  of  gestation  respiration  is  carried  on  by  the 
osmotic  action  between  the  general  surface  and  the  closely  applied  ova- 
rian structures.  When  the  alimentary  tract  is  opened  a  current  is  kept 
flowing  through  it  and  aeration  is,  in  all  probability,  effected  by  the  ali- 


mentary  tract.  In  later  stages  the  fins  become  highly  vascular  and  doubt- 
less serve  both  for  purposes  of  aeration  and  food  absorption. 

18.  There  is  present  in  the  entodermic  pole  of  the  developing  egg  a 
body  the  like  of  which  has  not  been  observed  in  any  other  ep;g  It  con- 
sists of  a  mass  of  protoplasm  imbedded  in  the  yolk.  It  is  dissolved  near  the 
time  of  the  closing  of  the  blastopore.  Mr.  J.  W.  Hubbard,  one  of  my  stu- 
dents, has  connected  its  history  with  that  of  the  yolk  nucleus  which  is 
a  conspicuous  structure  in  the  ovaries  of  adult  fishen  in  egg  from  20  />  up 
to  maturity.  It  is  a  general  extrusion  from  the  nucleus  of  the  young 
ovum  and  probably  represents  the  histogenetic  or  somatic  portion  of  the 
nucleus  and  this  in  part  at  least  corresponds  to  the  macronucleus  of  ciliate 
infusoria. 

It).  Before  segmentation  begins  the  whole  of  the  germ  is  separated 
from  the  deutoplasm.  The  first  cleavage  plane  extends  entirely  through 
the  germ  to  the  yolk  before  the  second  cleavage  begins. 

20.  A  segmentation  cavity  is  not  formed  during  segmentation  but 
appears  later  by  a  separation  of  the  ectoderm  and  entoderm. 

21.  The  third  cleavage  plane  is  not  parallel  with  the  first  as  is  usual 
in  fishes,  but  is  semi-equatorial.  This  has  nothing  to  do  with  the  hori- 
zontal cleavage  claimed  to  have  been  seen  by  Hoffman  and  by  Brook.  It 
is  taken  to  be  a  pseudoreversion  to  primitive  methods  of  segmentation 
with  the  reservation  that  this  condition  is  not  perfectly  homologous  with 
the  third  segmentation  of  the  frog  or  Brnnchioi*foma,  and  would  not  be  had 
the  yolk  entirely  disappeared^ 

22.  The  periblast  is  formed  from  a  few  of  the  marginal  cells.  Like  the 
yolk  it  is  a  waning  structure.  Only  about  12  cells  are  ever  formed.  They 
take  no  part  whatever  in  the  formation  of  the  embryo.  All  of  them  per- 
sist as  long  as  a  trace  of  the  yolk  is  left.  It,  with  the  final  part  of  the 
yolk,  is  absorbed  by  the  blood  of  the  sinus  venosus.  The  liver  has  noth- 
ing to  do  with  its  final  absorption  as  Wilson  has  claimed  but  sim]>ly  me- 
chanically encloses  the  nuclei  above  and  behind. 

23.  During  an  early  stage  of  segmentation  some  of  the  marginal  cells 
of  the  blastoderm  cree])  over  the  yolk  till  they  nearly  if  not  entirely 
cover  it. 

24.  Before  gastrulation  the  yolk  sinks  into  the  mass  of  the  blastoderm 
the  cells  of  which  re-arrange  themselves  about  it  and  nearly  enclose  it. 

2">.    The  ^astrula  is  finally  formed  by  a  process  of  delamination  of  en- 


toderni  from  ectoderm  and  is  completely  diplastic  and  symmetrical,  the 
blastofore  closing  at  the  entoderm ic  pole  of  the  egg. 

2i».  Before  any  other  organs  become  evident  the  sex  cells  become  con- 
spicuous.    Their  fate  I  have  discussed  elsewhere. 

27.  The  earliest  stages  of  the  formation  of  the  embryo  have  not  been 
clearly  made  out  with  the  material  at  hand.  It  is,  however,  certain  that 
in  one  of  the  figures  published  by  me  in  the  **  Journal  of  Morphology,"  I 
mistook  the  tail  for  the  head.  The  conditions  are  extremely  similar  to 
those  found  in  the  mammalian  embryon,  except  that  the  central  cavity  is 
filled  with  yolk  instead  of  fluid. 

2s.  The  mesoderm  is  formed  by  a  process  of  delamination  from  the 
entoderm.  It  is  formed  as  two  sheets  and  over  the  whole  of  the  ento- 
derm exclusive  of  the  axial  line. 

29.  The  young  fish  is  freed  from  its  membrane  in  a  very  immature 
condition.  It  completely  encircles  the  yolk ;  in  fact  the  head  and  the 
tail  overlap.  It  is  incapable  of  motion  at  this  time  and  indeed  the  cells 
which  will  form  the  muscles  have  scarcely  become  differentiated.  The 
hatching  process  is  due  to  the  growth  of  the  embryo  and  not  to  its  activity 
as  is  usually  the  case.    The  lin  folds  do  not  appear  till  much  later. 

:»0.  Kupffer's  vesicle  appears  very  early  and  is  very  large.  It  consists 
when  fully  formed  of  a  dome-shaped  roof  over  a  large  cavity  surrounded 
on  the  sides  by  ento<lerm.  It  at  first  rests  on  the  yolk  but  soon  the  yolk 
is  forced  down  and  presents  a  deep  impression  just  beneath  the  vesicle. 
Later  the  vesicle  is  divided  into  three  distinct  cavities.  The  upper  dome- 
shaped  portion  persists  for  souie  time  and  probably  represents  part  of  the 
neurenteric  canal.  The  middle  portion  remains  for  some  time  as  an  en- 
larged part  of  the  intestine.  The  lowest  portion  is  the  cavity  formed  in 
the  yolk.  It  has  acquired  a  roof  by  the  ingrowth  of  the  entoderm  cells 
to  form  the  floor  of  the  intestine.  This  cavity  usually  remains  for  a  con- 
siderable time. 

:»1.  The  entoderm  at  lirst  extends  over  the  entire  yolk.  It  later  be- 
comea  restricted  to  a  comparatively  narrow  strip  along  the  axial  line. 

l>2.  The  floor  of  the  alimentary  canal  is  formed  by  the  ingrowth  below 
of  the  marginal  cells  of  the  entoderm.  The  ingrowth  progresses  from  in 
front  back.  A  lumen  is  not  formed  at  once.  The  lumen  is  formed  in 
the  hin<1  gut  and  in  the  gill  region  at  the  same  time  and  gives 
abundant  evidence  that  the  alimentary  tract  is  bilateral.  The  middle 
anterior  part  remains  a  solid  mass  of  cells  after  the  lumen  has  appeared 
both  in  front  and  behind  this  tract. 
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33.  The  anterior  opening  of  the  alimentary  canal  to  the  exterior  is 
through  the  gill  slit  in  larva'  1  mm.  in  length,  t.  e.  long  before  the 
mouth  is  formed.  The  first  food  enters  through  this  gill  slit.  The  food 
current  before  the  fish  can  swallow  is  kept  up  by  a  very  highly  ciliated 
gullet  which  extends  from  behind  the  gill  region  to  near  the  hind  gut. 

34.  The  mouth  does  not  appear  till  the  larva  has  increased  3  mm.,  t.  f. 
to  a  length  of  about  4  mm.,  and  during  all  this  time  the  hyobranchial  gill 
slit  functions  as  mouth.  There  is  here  found  a  condition  similar  to  the 
one  supposed  by  Dohrn  to  explain  the  replacement  of  the  annelid  mouth 
by  a  gill  mouth. 

:\d.  Just  in  front  of  the  notochord  and  near  the  region  of  the  hyo- 
branchial slit  a  strand  of  hypoblast  cell 8  extends  up  from  the  median  por- 
tion of  the  alimentary  tract  to  above  the  notochord.  This  strand  of  hy- 
poblast cells  lies  in  the  region  where  Dohm  supposes  the  annelid  ipsopha- 
gus  to  have  disappeared. 

3(».  The  hind  gut  soon  becomes  enormously  enlarged  and  later  a  lar^e 
number  of  long  villi  are  developed. 

37.  The  larva'  retain  as  an  ancestral  trait  a  large  yolk  sack,  the  yolk 
being  quite  minute.  The  sack  i^  largely  taken  up  by  the  large  pericardi- 
um through  which  the  long  tubular  heart  extendi  from  below  and  behind, 
upward  and  forward. 

38.  In  conclusion :  The  Hsh  in  almost  all  its  sta^res  has  become  highly 
specialized.  Many  stages  resemble  very  closely  primitive  conditions  but 
the  conditions  can  probably  in  but  few  cases  be  looked  upon  as  a  simple 
reversion.  Its  development  has,  on  the  other  hand,  become  extremely 
ichthyized  and  it^  egg  stands  at  the  end  of  the  chain  of  eggs  in  which 
the  Branrhiostoma  fgg,  the  Elofmubranch  egg  and  the  normal fi»h  egjir  fori^^ 
links. 


Ox  iJiRDs  IN  Wkstkrn  Tkxas  andSoi  tiiern  Nkw  Me\i<(>.     By  A.  W.  Bi  tlek. 


SoMK  KKMAKKS  IlK<i  A  R1»I  N< .  TIIK  K.MBKYOUKJV  OK  A.MI'HUMA.       Bv    O.   I*.  HaY. 
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The  t-ONTKhX  A<iAixsT  infeltion.     By  Tiikoi>okeP<>ttek.     l^ublishedinThe 
Cincinnati  Lancet  Clinic,  Aug.  (»,  M»2. 


Some  sTKnTiKAi.  i'K(  imaiutikk  of  Pamfk  8loi'k  fishes.     Hv  A.  B.  Ulrky. 


Thk  y<»lk  xkleis.     By  J.  W.  HrnuARi). 


pKn  LIAR  DKATii  OF  AN  <»Rioi,K.     By  T.  B.  Hkddinc;. 


Thk    RANliE    OK    THE   CKOSSHILI.    IN     THK    OHIO    VALLEY,    WITH    XOTh-S   OX    THKIII 
rsrsi  AL  OCrFRRENCK  IX  SI  MMER.       Hv  A.   W.  BlTLKR. 

• 

In  1838  Dr.  Kirtland  had  not  met  with  the  American  Crossbill  [Loxin 
mrviroftra  minor)  in  Ohio  and  Indiana.  Dr.  Haymond  omitted  it  from  his 
**  Birds  of  Southeastern  Indiana"  in  1850.  Dr.  Wheaton  reported  it  from 
Ohio  in  the  winter  of  1859-60.  Evidently  it  was  quite  well  known  to  Dr. 
Haymond  in  18()9.  The  winter  of  18()8-9  they  were  very  abundant  in  tl  e 
vicinity  of  Cincinnati.  (Charles  Dury.)  This  was  doubtless  the  case  at 
other  places  also.  The  ransre  of  the  species  at  this  time  was  supposed  to  be 
northern  North  America,  south  in  the  Appalachian  mountains  into  Penn- 
sylvania, extendinjr  in  winter,  irre^'ularly  over  much  of  the  United  States. 
A  letter  from  Mr.  C.  E.  Aikin,  of  Salt  Lake  City,  Utah,  informs  nie  that 
this  species  became  very  abundant  in  the  city  of  Chicago  in  July  and 
August  18r»i>,  and  remained  until  late  in  the  fall.  They  fed  greedily  upon 
seeds  of  sunflowers  and  were  eo  slu^r^rish  that  one  could  approach  within 
a  few  feet  of  them  so  that  they  fell  an  easy  prey  to  boys  with  catapults. 
In  the  latter  part  of  Au^rust  of  the  same  year,  he  found  them  common  in 
Lake  county,  Indiana.  He  also  notes  that  they  were  not  rare  the  su«'- 
ceeding  year  in  the  vicinity  of  Chicago.  Dr.  K.  W.  Lanj^don  notes  tl  e 
capture  of  a  single  specimen  from  a  flock  of  six  or  eight  at  Madisonville, 
near  Cincinnati,  O.,  Nov.  SO,  1874.    In  the  winter  of  1874-5  Mr.  Eugene  I*. 


Bicknell  noted  these  birds  were  present  iu  the  lower  Hudson  valley,  and 
in  April  ot  the  latter  year  found  their  nest.  In  the  same  article  is  no- 
ticed the  occurrence  of  the  species  about  New  York  City  in  late  sprinjr 
and  early  summer ;  on  Ix)n;L;  Island  in  midsummer,  and  on  the  Bermudas 
from  March  to  May.  (Bull.  Xutt.  Orn.  Club,  Vol.  V.,  pp.  7-11.1  Mr.  E. 
W,  Nelson  in  his  paper  on  "Birds  cf  Northeastern  Illinois,**  read  before 
the  Essex  Institute,  December  4,  1H76,  says  it  was  "  formerly  a  common 
winter  resident ;  now  rare."  Messrs.  Dury  and  Freeman  (Journ.  Cin.  Soc. 
Nat.  Hist.,  1879,  p.  4),  note  its  occurrence  at  Westwood,  <>.,  in  1879.  Dr.  J. 
M.  Wheaton  (Bull.  Nutt.  Orn.  Club,  1879,  p.  6iM  gives  the  following?  ac- 
count of  the  occurrence  of  the  species  in  Ohio:  '*0n  the  18th  of  June 
last,  Mr.  Charles  Hinman  killed  one  of  these  birds  out  of  a  ilock  of  eight 
or  ten  which  visited  the  coniferous  trees  in  his  garden  in  this  city  (Col- 
umbus). The  specimen,  which  came  into  my  possession  by  the  kindness 
of  Mr.  Oliver  Davie,  was  a  male,  not  in  full  plumage.  I  have  since  learned 
that  the  Red  Crossbill  has  remained  during  the  season  in  the  vicinity  of 
Cleveland  in  considerable  numbers,  and  is  reported  to  have  nested  there.'' 
I Q  commenting  on  this  note  (Ohio  Geol.  Survey,  Vol.  IV.,  Zoology  and 
Ik)tany,  p.  317),  Dr.  Wheaton  says:  **  I  was  unable  to  learn  whether  its 
nest  had  been  actually  discovered,"  and  adds :  "  It  has  been  known  to 
nest  in  Indiana  within  a  few  years."  I  regret  very  much  that  I  have 
been  unable  to  get  any  clue  whatever  to  the  authority  upon  which  this 
statement  is  made.  Prof.  A.  J.  C*ook  in  writing  of  the  Birds  of  Michigan 
says  of  the  American  Crossbill :  "  Occasional  in  summer.  Dr.  H.  A.  At- 
kins took  nests  of  this  species  at  Locke,  July  i:i,  1880.*'  It  had  previously 
been  reported  as  breeding  in  Minnesota.  In  July  and  Aujrust,  1880,  they 
were  noted  at  Rugby,  Tenn.  (The  Oologist,  Vol.  V.,  pp.  78-9;  Bull.  Nutt. 
Orn.  Club,  Vol.  VI.,  pp.  .'>H-7.)  Dr.  C.  Hart  Merriam  notes  it  as  an  "abund- 
ant resident"  in  the  Adirondack  region.  He  says  it  is  "  rather  scarce  and 
irregular  in  summer,  but  the  commonest  bird  in  winter  and  early  spring. 
Breeds  in  February  and  March  while  the  snow  is  still  four  or  five  feet 
deep  on  the  level  and  the  temperature  below  zero  iFahr.).  Have  taken 
full  fledged  young  in  April."     (Bull.  Xutt.  Orn.  Club,  Vol.  VI.,  p.  229.) 

Mr.  C.  W.  Beckham  (Birds  of  Nelson  County,  Kentucky :  Ky.  Geol.  Surv., 
p.  24),  says:  "A  tiock  of  six  or  eig^t  of  these  birds  appeared  hereon 
November  18,  1882  on  some  pine  trees,  the  first  time  I  had  ever  observed 
them.  They  remained  only  a  day  or  two,  and  none  were  seen  until  the 
17th  of  March  following,  when  I  shot  eight  out  of  a  flock  of  about  twenty, 
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in  the  same  place  where  they  had  previously  been  seen.  Several  flocks 
were  observed  about  the  same  time  near  Bloomfield  and  Glenville  in  this 
coanty,  and  excited  considerable  comment  on  account  of  their  queer 
bills.  The  weather  at  the  time  was  quite  mild,  so  that  their  appearance 
here  was  probably  due  to  some  other  cause." 

The  winter  of  1S82-3  they  were  unusually  abundant  in  many  localities 
between  the  great  lakes  and  the  Ohio  river.  Prof.  B.  W.  Evermann  first 
observed  them  at  Bloominjjton,  Indiana,  February  10,  1893.  This  was  the 
second  record  for  the  state.  For  some  time  after  they  were  common  in 
Monroe  county.  March  15,  1883,  Mr.  E.  R.  Quick  reported  having  seen  a 
single  specimen  near  Brookville,  Indiana.  April  2,  my  attention  was  at> 
tracted  to  a  peculiar  crackling  sound  which  came  from  among  the  pine  trees 
in  my  yard  at  Brookville.  Close  investigation  revealed  the  fact  that  the 
cause  was  a  lot  of  Crossbills.  They  were  shelling  the  seeds  out  of  the  pine 
<>ones  and  the  breaking  of  the  cone  scales  made  the  sound  which  attracted 
my  attention.  I  observed  others  were  upon  the  ground  feeding  upon  the 
seeds  of  the  fallen  cones.  April  3  I  saw  six  more  in  my  yard.  April  4 
I  saw  one  in  a  flock  of  Pine  Finches.  April  5  Mr.  Quick  noted  one.  Of 
those  observed  but  one  was  in  the  red  plnmajre.  Prof.  B.  W.  Evermann 
saw  a  few  at  Delphi,  Carroll  County,  Indiana,  the  middle  of  March,  1883. 
At  the  same  place  about  twelve  were  seen  December  26,  1884.  Mr.  J.  W. 
Byrkit  informs  me  that  they  were  very  abundant  at  Michigan  City,  Ind., 
in  the  winter  of  1883-4.  Miss  11.  E.  Colfax,  in  her  report  of  the  bird  noted 
attbe  light  house,  at  the  same  place,  gives  it  January  IC,  1884.  In  the 
winter  of  1883-4  Prof.  Evermann  reported  them  very  common  in  Monroe 
County,  Ind.  The  Ornithologist  and  Oologist,  Vol.  VIII.,  p.  68,  contains  an 
account  by  A.  H.  Ilelme  of  their  breeding  April  10, 1883,  near  Miller's  Point, 
L.  I.  Mr.  Robert  Ridgway  (The  Auk.  Vol.  I.,  p.  292),  notes  the  proba- 
ble breeding  of  the  Red  Crossbill  in  central  Maryland  in  May,  1884.  Mr.  F. 
C.  Brown  reported  their  breeding:  in  Eastern  Massachusetts  in  the  summer 
of  1884  (The  Auk.,  Vol.  H.,  p.  105^.  In  the  winter  of  1884-5  they  were  tol- 
erably common  in  Monroe  county,  Ind.  (W.  S.  Blatchley,  Hoosier  Natu- 
ralist, 1886,  p.  170).  The  late  Mr.  C.  H.  Bollman  noted  them  '*  quite  com- 
mon," in  the  same  county  through  March,  April  and  early  May  1885. 
He  saw  them  first  March  2,  and  last  observed  them  May  12.  Mr.  J. 
W.  Byrkit  informed  me  that  he  saw  the  first  Crossbills  for  the  year  March 
24,  1885.  He  adds  :  "  I  am  not  quite  positive  but  think  the  Crossbill 
breeds  here  (Michigan  City),  a^  they  make  their  appearance  about  this 
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time  and  leave  for  the  north  about  the  middle  of  May.''  Mr.  Charles 
Dury  informed  me  they  were  abundant  at  Michigan  City,  Tnd..  one  win- 
ter, which  he  thinks  was  1885.  He  also  reported  Pine  Finches  and  Red* 
polls  from  the  same  locality  the  same  year.  Prof.  B.  W.  Evermaon  re- 
ported it  from  Carroll  County,  Ind.,  March  27,  1885.  I  am  indebted  to 
Mr.  £.  M.  Kindle  for  the  information  that  Mr.  Sam  Hunter  reported  a 
pair  of  American  Crossbills  to  have  bred  at  Bloomin^rton.  In<l.  in  1885. 
^fr.  Hunter  informed  him  they  nested  in  a  pine  tree  and  that  the  nest 
was  made  exclusively  of  pine  burrs.  Mr.  K.  R.  Mofhtt  informs  me  that 
Red  Crossbills  were  taken  in  Tippecanoe  County,  Ind.,  in  1885.  He  says 
they  nested  there.  Prof.  B.  W.  Evermann  noted  them  at  Camden,  Ind.» 
March  27  and  April  13,  1885,  also  a  lar^e  Hock  at  Burlington,  Ind.,  April 
23, 1885. 

Mr.  Wm.  Brester  rei>orted  itt?  occurrence  in  the  mountains  of  Western 
North  Carolina  in  the  summer  of  1885  (The  Auk.,  Vol.  III.,  p.  107)  and 
says  :  '*  Seen  only  on  the  Black  Mountains  where  it  was  numerous  in 
small  flocks  throughout  the  balsam  forests  above  5,000  feet.  At  High- 
lands I  was  toM  that  it  regularly  appeared  in  winter  about  the  outskirts 
of  the  town."  Mr.  Charles  W.  Richmond  (The  Auk.,  Vol.  V.,  p.  22),  gives 
upon  the  authority  of  Mr.  Hu^^h  M.  Smith,  the  information  that  an  adult 
male  American  Crossbill,  accompanied  by  a  younj:  bird,  was  seen  May  17^ 
1885,  within  the  District  of  Columbia.  Prof.  L.  L.  Dyche  reports  the 
occurrence,  in  the  winter  of  1885-()  of  the  Western  Red  Crossbill,  Loxia 
f'unirostra  stricklandif  at  T^awrence,  Emporia,  Manhattan  and  Wakaruea, 
Ivan.  They  were  first  observe<l  November  1,  1885,  and  were  last  seen 
January  20,  188(i  (The  Auk.,  Vol.  HI.,  pp.  258-2()l).  The  following  winter 
I  was  fortunate  in  securing,  through  the  kindness  of  Mr.  A.  O.  Garrett,  a 
series  of  specimenn  of  Loxia  rurrirosira  ininor  from  Lawrence,  Kan.  March 
13  and  14,  1H87,  he  obtained  four  which  he  sent  me,  and  later  he  sent  me 
nine  others  which  were  taken  March  24  and  25.  The  meetiug  of  the 
range  of  these  two  forms  is  of  considerable  interest.  I'rof.  B.  W.  Ever- 
mann reports  a  crossbill,  species  not  determined,  from  Bloomington,  Ind.« 
February  23,  188<),  and  another  March  8,  188().  The  same  authority  states 
the  late  Mr.  C.  II.  Bollman  found  a  few  specimens  of  the  Red  Crossbill 
near  Blot ►minj^'ton,  Ind..  July  10,  13  and  14, 188(».  Mr.  Arthur  P.  Chad- 
bourn  says,  in  the  summer  of  188(>  it  was  found  in  the  White  Moun- 
tains, N.  H.  (The  Auk.,  Vol.  IV.,  p.  105).  Mr.  George  B.  Sennett,  in 
the  same  volume,  p.  242,  gives  an    account  of  finding  this  species  in 


67 

the  mountains  on  the  borders  of  North  Carolina  and  Tennessee  in  July 
and  August  188<3.  Mr.  Arthur  T.  Wayne,  in  the  same  volume,  pp.  2S7-28i>, 
notes  their  abundance  near  Yemassee,  S.  C,  in  November  and  December, 

1886,  and  in  January  and  February,  18S7.  lie  noted  them  a^ain  in  the 
same  vicinity  November  20,  1887  (The  Auk.,  Vol.  V.,  p.  115),  also  durinjr 
January,  1888  (ibid,  p.  208).  Mr.  Frank  M.  Chapman  also  reports  them 
from  Aiken,  S.  C,  November  12,  1S87.  (Ibid,  p.  324).  Mr.  (J.  G.  William- 
son observed  them  in  Monroe  County,  Ind.,  January  18  and  February  i>, 
188H.    Mr.  J.  (J.  Parker  reports  them  from  Lake  County,  Ind.,  in  May. 

1887.  In  the  fall  of  1887,  1  a^ain  observed  them  at  Brookville,  In<l.  They 
came  to  feed  among  the  pines  in  my  yani.  October  29  several  were  seen 
and  they  last  appeared  November  V,l  Prof.  Walter  Faxon  and  Dr.  J.  A. 
Allen  give  it  aa  common  in  the  White  Mountains,  N.  11.,  in  July  1874, 
June  1885  and  June  188«  (The  Auk.,  \'ol.  V.,  p.  152.)  Dr.  J.  A.  Allen  on  the 
next  pajre  of  the  same  number  of  **  The  Auk,"  speaks  of  a  pair  of  Ameri- 
<!an  Crossbills  taken  at  Man<leville,  1^.,  March  27,  1888.  l*rof.  B.  W.  Ev- 
ermann  found  them  in  N'igo  County,  Indiana  in  the  spring  of  1SS8.  They 
were  first  seen  February  6  and  disappeared  May  <>.  Mr.  J.  ().  Snyder 
found  them  at  Waterloo,  Ind.,  March  13  and  17,  lass.  Mr.  H.  X.  McCoy 
informs  me  they  were  quite  common  in  Wayne  county,  Ind.,  in  the  early 
part  of  188S.  They  were  last  seen  April  5.  Mr.  G.  CI.  Williamson  saw 
six  or  eight  individuals  near  Muncie,  Ind.,  April  17,  188S.  May  4  he  saw 
three  others.  Mr.  ( )tho  C.  Poling  notes  their  occurrence  in  Adams  county, 
111.  lie  gives  no  account  of  their  occurrence  in  summer  (The  Auk.,  Vol. 
VII.,  p.  239).  Mr.  John  A.  Halmer,  informs  me  these  Crossbills  were 
found  in  the  vicinity  of  N'incennes,  Ind.  in  the  winter  of  1888-9.  Mr.  J. 
F.  Clearwaters  told  me  of  the  capture  of  two  of  these  birds  in  Putnam 
county,  Ind.,  in  the  winter  of  1888.  A  flock  of  American  Crossbills  was 
seen  by  Mr.  J.  O.  Snyder  at  Waterloo,  Ind.,  April  27,  1889.  Mr.  Stewart 
E.  White  informs  me  he  found  them  common  on  Mackinack  Island, 
Mich.,  August  3  to  August  9,  1889.  Mr.  H.  W.  McBride  wrote  me  of  tak- 
ing three  specimens  at  Waterloo,  Ind.,  April  2,  1890.  February  14, 1891, 
Mr.  Stewart  K.  White  saw  six  at  Grand  Rapids,  Mich.  He  next  noted  the 
species  March  hi.  He  says  it  is  quite  rare  in  that  vicinity.  Mr.  J.  F. 
Clearwaters  };ave  me  the  following  account  of  their  occurrence  in  l^itnam 
county,  Ind.:  "On  July  27,  1H91,  Jesse  Earll  was  down  beside  the  old 
mill  pond,  where  we  collect  all  our  water  birds,  and  noticed  five  birds  on 
the  ground,  apparently  probing  in  the  mud  with  their  bills.    As  they 
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rose  he  shot  one  which  proved  to  be  a  male  Red  Crossbill  in  breeding 
plumage.  He  preserved  the  skin  and  still  has  it.  The  others  were 
females  or  youngs  as  he  says  none  of  them  had  any  red  on  them." 

Mr.  Jonathan  Dwight  reported  the  American  Crossbill  on  North  Moun- 
tain, Penn.,  in  June,  1891.  (The  Auk.  Vol.  IX.,  p.  137.)  Dr.  B.  H.  War- 
ren, in  his  admirable  "  Report  on  the  Birdt*  of  Pennsylvania,"  p.  228, 
gives  it  as  breeding  in  the  counties  of  Clinton,  Clearfield,  Luzerne,  Ly- 
coming and  Canieron  in  that  state. 

March  1,  1892,  Messrs.  A.  B.  Ulrey  and  E.  M.  Kindle  report  seeing  six  in 
Monroe  county,  Ind.  Mr.  G.  G.  Williamson  noted  six  near  Muncie,  Ind., 
April  IG,  1892,  and  another  April  24.  Messrs.  Charles  D.  and  Lewis  A. 
Test  have  kindly  sent  me  the  following  interesting  notes  from  the  obser- 
vations of  the  spring  of  1892.  The  notes  were  taken  near  Lafayette,  Ind. 
March  8,  1892,  they  saw  the  first  American  Crossbill.  They  were  seen 
on  the  following  succeeding  dates:  March  11;  April  15,  19,  23  and  30; 
May  1,  :i,  (i,  8,  IS,  20,  21,  27  and  'M) ;  June  2,  6,  22,  23,  27  and  30.  The  birds 
were  seen  in  pine  trees  and  also  in  yards  and  along  the  road.  Search  was 
made  for  nests  but  none  were  found.  I  am  indebted  to  Mr.  Otto  Wid- 
mann  for  some  valuable  notes  relating  to  the  American  Crossbill  in  Mis- 
souri last  winter  and  spring  and  summer  (1891-2).  He  says:  "  I  never 
suspected  these  cone  loving  nomads  to  descend  into  a  country  so  fiat  and 
uninteresting  as  8t.  Tx^uis  county.  Mo.,  where  nature  never  rears  a  cone 
without  the  help  of  the  gardener.  Thousands  of  young  evergreens,  especi- 
ally Norway  Spruces,  have  been  planted  during  the  past  decade,  but  old 
cone-bearing  conifers  are  few  and  far  between.  There  are  on  my  place, 
besides  a  few  Norway  Spruces,  eighteen  pine  trees  about  thirty  years  old. 
Half  of  them  are  Austrian  pines,  the  rest  White  and  Scotch  pines.  Coni- 
ferous trees  do  not  bear  fruit  every  year,  but  last  winter  the  Austrian 
pines  were  full  of  cones,  getting  ready  to  drop  the  seeds  in  early  spring. 
Besides  the  maturing  pine  seeds  our  section  had  another  attraction  for 
erratic  fruit  eaters  in  the  orchards.  The  apple  trees  had  yielded  an  enor- 
mous crop  and  the  demand  not  being  sufficiently  great  to  gather  them  in 
time,  thousands  of  apples  were  still  hanging  in  the  trees  when  the  Cross- 
bills appeared  on  the  scene.  It  was  in  the  orchard  that  they  made  their 
appearance  on  November  13— the  day  after  the  first  *  blizzard '  had  visited 
the  upper  Missouri  valley.  From  this  day  on,  the  Crossbills  remained  in 
the  neighborhood  until  the  end  of  the  month  but  none  were  here  in  De- 
cember and  January — at  least  I  did  not  notice  any  until  they  began  to 
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March  and  until  the  17th  of  April.  From  that  day  until  May  8th  none 
were  seen,  but  from  the  8th  to  the  14th  they  were  again  daily  callers. 
After  this  date  they  were  noticed  twice  ;  a  party  of  six  on  June  5th,  and 
two  birds  a  male  and  female,  in  one  of  my  pines  on  July  21st.  I  looked 
for  their  nest  in  the  tree  but,  unfortunately  it  was  not  there !  I  think 
now  that  I  have  met  with  the  species  on  several  occasions  in  former  years 
but  did  not  know  them.  Frequenters  of  private  gardens  they  were  only 
seen  when  on  wing  or  distant  tree  tops,  and  evaded  identification.  With 
us  it  is  a  shy  and  restless  bird,  easily  alarmed  and  flying  a  great  distance. 
Before  taking  wing  and  while  in  the  air  they  are  quite  noisy  with  a  note 
closely  resembling  the  parent  call  of  Pivgw ;  but  when  feeding  in  a  pine 
tree  the  whole  troop  keeps  perfectly  silent,  and  nothing  is  heard  but  the 
noise  made  by  breaking  the  cone  scales.  When  present  in  May  they  are 
also  feeding  in  elms."  Mr.  W^,  S.  Blatchley  gives  me  the  following  notes : 
'*  While  sitting  on  the  porch  of  a  farm  house  in  Putnam  county,  Indiana, 
July  11,  1892,  I  saw  a  single  Crofsbill,  Loxianirn rostra  minor^  alight  in  the 
top  of  a  pine  tree  in  the  yard  and  begin  searching  the  cones  for  seeds.  I 
watched  it  for  almost  ten  minutes  and  then,  that  there  might  be  no  pos- 
sibility of  mistake  in  the  identification,  procured  a  <?un  and  shot  it.  It 
proved  to  be  a  younj:  male.  On  July  15  another  young  male,  /.  f..  a  male 
presumably  of  the  previous  year's  hatching,  was  secured  from  the  same 
tree  and  kept  in  confinement  for  several  days,  but  was  finally  allowed  its 
liberty.'' 

The  American  Crossbills  have,  as  has  been  shown,  been  noted  within 
the  region  between  the  great  lakes  and  the  Ohio  river  in  the  follow- 
ing winters:  Isas-O;  1869-70;  1X74-5;  1882-3;  1883-4;  1884-5;  1885-0; 
1887-8;  1888-9;  1889-90;  1890-91;  1891-2.  From  1882  to  1892  they  were 
only  absent  one  year;  188(J-7.  In  the  winters  of  18^2-3.  1884-5,  1887-8 
the  area  of  dispersal  was  wide  and  the  birds  seem  to  have  been  generally 
distributed.  Other  years  as  18(i8 -9,  18<>9-70,  188:^4,  they  appeared,  or  at 
least  were  observed,  in  but  few  localities  but  where  noted  they  were 
abundant. 

The  results  of  the  inquiries  concerning  its  summer  range,  particularly 
with  relation  to  the  Ohio  valley  and  the  territory  adjacent  thereto,  have 
been  wholly  unexpected.  Summing  up  the  occurrence  in  summer  and 
the  evidence  of  its  breeding  in  the  region  last  referred  to  we  note  as  fol- 
lows:   In  the  summer  of  1809  they  were  abundant  in  the  vicinity  of 
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Chicago,  both  in  Illinois  and  Indiana.  In  the  summer  of  1878  they  were 
found  at  Columbus,  0.,  and  abundantly  at  Cleveland,  where  it  was  re- 
ported to  have  bred.  Dr.  Wheaton  refers  to  their  having  nested  in  In- 
diana as  a  fact  well  known  to  him.  Dr.  H.  A.  Atkins  is  said  to  have  taken 
nests  of  this  species  near  Locke,  Michigan,  in  1880.  The  spring  of  1885 
they  were  common  at  Michijian  City,  lad,,  and  Mr.  Byrkit  thought  they 
might  have  nested.  In  the  summer  of  1885  they  were  reporte<l  to  have 
nested  in  Tippecanoe  county,  Ind.  The  same  summer  they  are  reported 
to  have  nested  at  Bloomington,  Ind.  They  were  reported  from  Monroe 
county,  Ind.,  three  different  dates  in  July  188(i.  They  were  reported  from 
Putnam  county,  Ind.,  in  the  summers  of  1801  and  1892.  They  remained 
throughout  a  part  of  the  summer  of  1892  at  Lafayette,  Ind.  They  re- 
mained even  later  at  Old  Orchard,  Mo.,  in  1892. 

These  notes  but  serve  to  bring  more  clearly  to  mind  the  peculiar,  erra- 
tic character  of  the  bird,  of  which  we  have  known,  to  some  degree,  before. 
The  notes  would  also  seem  to  indicate  that  much  of  our  lack  of  data  is 
due  to  the  scarcity  of  observers  in  years  past.  A  few  years  ago  the  col- 
lection of  data  regarding  almost  any  species  of  bird  from  Indiana,  or  al- 
most any  other  state,  would  have  been  impossible.  It  is  not  improbable, 
could  we  begin  with  the  abundance  of  Crossbills  at  Cincinnati  in  1868-9, 
with  a  number  of  intelligent  observers  equal  to  that  available  now,  we  could 
have  a  collection  of  observations  covering  its  whole  range  between  the 
Ohio  river  and  the  lakes  and  perhaps  including  its  movements  for  almost 
every  year.  Those  blank  years  do  not  necessarily  signify  that  it  was 
wanting  in  the  territory  studied,  but  that  for  some  one  of  a  great  many 
reasons,  it  was  not  observed.  The  erratic  distribution  of  the  species  ap- 
plies as  well  to  its  summer  range  as  to  that  in  winter.  It  seems  very  prob- 
able that  the  species  breeds  to  some  extent  throughout  the  Ohio  Valley 
It  is  true  that  no  specimens  representing  either  the  nest  or  eggs  have 
been,  so  far  as  I  know,  preserved.  Yet  the  evidence  presented  indicates 
that  the  breeding  range  of  the  species  in  the  United  States  is  not  confined 
to  the  coniferous  forests  of  the  mountain  ranges. 

Loxio  lencoptera,  WniTE-wiNtiED  Crossrill.  This  species  is  not  met  with 
in  the  Ohio  valley  so  often  as  the  last  mentioned  form.  Its  range  lies  far- 
ther to  the  northward.  Its  distribution  within  the  Tnibed  States,  both 
in  winter  and  summer,  is  much  less  extensive  than  is  that  of  the  Ameri- 
can Crossbill.  Audubon  mentions  its  breeding  in  Pennsylvania  in  sum- 
mer, but  this  is  probably  an  exceptional  case.    Dr.  J.  M.  Wheaton  gave 
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it  in  his  catalogue  of  Birds  of  Oliio,  in  1861.  Mr.  Charles  Dury  found 
them  abundant  in  the  vicinity  of  Cincinnati,  <).,  in  the  winter  of  1868-9, 
in  company  with  the  last  mentioned  species.  He  says,  **they  were  in 
large  flocks  containing  both  species  in  the  proportion  of  two  of  the  for- 
mer to  one  of  the  latter*'  (the  present)  "  species."  Mr.  C.  E.  Aiken  in- 
forms me  that  this  species  was  in  company  with  the  American  Crossbill 
when  they  were  so  common  in  the  vicinity  of  Chicago  in  the  summer  of 
1869.  He  also  noted  them  in  Lake  county,  Ind.,  the  latter  part  of  August 
of  that  year.  He  nays  they  displayed  the  same  habits  as  the  preceding 
species.  His  recollection  is  that  the  White  winged  form  was  less  abund- 
ant, a  little  later  in  their  arrival,  and  more  wary.  They  remaine< I  through 
the  winter.  Prof.  A.  J.  Cook  informs  me  that  one  was  kille<l  by  Dr.  H.  A. 
Atkins,  at  I^ocke,  Mich.,  Aug.  9, 187r).  A  pair  of  White- winged  Crossbills 
were  taken  at  Fort  Wayne,  Ind.,  about  1878.  The  female  is  now  in  the 
collection  of  Mr.  C.  A.  Stockbridge  of  that  city.  Mr.  W.  L.  Scott  notes 
the  occurrence  of  a  Hock  of  White- winged  Crossbills  near  Ottawa,  Canada, 
towards  the  latter  part  of  June  1882  (The  Auk.,  Vol.  I.,  p.  159).  Mr. 
Fletcher  M.  Noe  notes  the  occurrence  of  this  species  near  Indianapolis, 
Ind.,  in  the  early  part  of  1S83.  February  (>,  188:5,  Prof.  H.  W.  Evermann 
.^ihot  two  males  from  a  flock  of  fifteen  of  these  birds  in  a  yard  at  Bloom- 
ington,  In<1.  February  10  he  secured  a  female,  an<l  a  few  days  later,  two 
other  specimens  near  the  same  place.  Miss  H.  K.  Colfax  reports  it  from 
Michigan  City,  Iml.,  .Tune  26,  1884.  Mr.  J.  W.  Byrkit  found  both  species 
together  in  lar^^e  flocks  near  Michigan  City,  Ind.,  the  winter  of  188S-4. 
Mr.  Charles  Dury  reports  it  from  Michigan  City,  In<l.,  he  thinks  in  1885. 
Faxon  and  Allen  report  seeing  a  few  in  the  White  Mountains.  N.  H., 
June  18S6.  (The  Auk.,  Vol.  V.,  p.  152.)  Hon.  R.  Wes  McBride  has  note<l 
it  as  a  winter  visitor  in  DeKalb  county,  Ind.  Dr.  C.  Hart  MerriamgiveH 
it  as  a  resident  in  the  Adirondack  region  but  adds,  comparing  it  with  the 
American  CrosHbill,  "  not  nearly  so  common  as  the  last."  (Bull.  Nutt. 
Orn.  Club,  Vol.  VI.,  p.  22?»).  Prof.  B.  W.  Evermann  informs  me  that  he 
saw  one  in  his  brother's  yard  at  Burlington,  Iml.  He  says,  "  after  watch- 
ing it  for  a  while  I  struck  it  with  a  stick,  killing  it.*'  March  16  he  saw 
another  s])ecimen  of  this  species  at  Camden,  Ind. 

The  only  instance  1  know  of  its  occurring  in  the  Ohio  valley  in  summer 
is  that  given  by  the  late  Mr.  C.  H.  Bollman.  He  wrote  me  that  he  saw 
eleven  on  a  fir  tree  in  Bloomington,  Ind.,  June  24th,  188<».  A  few  days 
later  he  several  times  noted  specimens  of  the  other  species. 
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Everywhere  in  the  Ohio  valley  this  species  seems  to  be  quite  rare  ami 
exceedingly  irregular  in  its  occurrence.  Mr.  E.  W.  Nelson  and  Mr.  Otto 
Poling  note  it  as  much  less  common  in  Illinois  than  formerly.  With 
the  exception  of  the  winter  of  1868-9  and  the  succeeding  summer  I  do  not 
know  of  its  having  appeared  in  any  considerable  numbers  in  any  of  the 
tier  of  states  just  north  of  the  Ohio  river. 


NOTK  E  or  A  TKKRAriX  TO  IJE  HRSTOKED  TO    THE    KAIXA    or  InDIAXA.       By  O.  1*. 

Hay. 


A  mmjkatiox  ok  iukds  axi)  oxk  ok  ixskcts.     Hy  T.  B.  Keddixc. 


TiiE  Soriii  Amkiucax  cat  kisiiks  nELON<;i\c.   n»  (.'ounem.  Txiversity.     By 

K.  M.  KlXDLE. 

(  AB^iTKAtT.  ] 

Some  years  ago,  the  late  Charles  Frederick  Hartt  made  a  collection  of 
fishes  in  South  America,  which  he  gave  to  Cornell  University.  This  col- 
lection had  never  been  studied  until  last  spring,  when  it  was  sent  to  Dr. 
Eigenmann.  The  cat  lishes  in  it  were  turned  over  to  me  to  identify.  In 
the  identification  of  these  I  have  used  Dr.  and  Mrs.  Eigenmann^s  "  Re- 
vision of  the  South  American  Nematognathi."  I  have  also  had  the  use 
of  Dr.  Eigenmann's  private  library,  which  contains  nearly  all  of  the  pub- 
lished literature  on  South  American  fishes.  In  the  identification  of  doubt- 
ful species  I  have  had  the  asnistance  of  Dr.  Eigenmann. 

The  collection  contains  nineteen  genera  and  twenty-seven  species,  dis- 
tributed among  the  three  families,  Loricariidic,  Siluridfc,  and  Callich- 
thyidn, and  their  sub  families. 

Two  new  species  have  been  found  in  the  collection.  One  of  these  be- 
longs to  the  genus  Ilassar.  The  name  wihlen  is  proposed  for  it  in  honor  of 
Prof.  Wilder,  of  Cornell  University.  It  is  represented  by  four  specimens 
from  the  Tocontins  river.  The  other  new  species  belongs  to  the  genus 
HemiancifUrus,  all  of  whose  species  are  apparently  rare.  It  has  been  named 
hngipinnis  in  reference  to  the  long  dorsal. 
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The  collection  is  mainly  from  the  Amazon  and  the  LaPIata,  and  their 
tributaries.  The  waters  of  the  Amazon,  the  LaPlata,  and  the  Orinoco  are 
united  through  their  tributaries,  and  so  far  as  their  fish  fauna  is  concerneii 
form  but  one  river  system.  The  fish  fauna  of  any  one  of  these  rivers  is 
therefore  very  similar  to  that  of  the  others.  The  only  genus  which  was 
considered  peculiar  to  the  LaPlata  fauna  is  CochlUxhm,  This  genus  I  find 
represented  in  the  collection  by  four  specimens  from  Marajo,  near  the 
mouth  of  the  Amazon;  so  there  is  now  no  ^^enus  from  the  LaPlata  which 
is  not  also  found  in  the  Amazon's  system.  These  specimens,  which  be- 
long to  the  spe«'ies  Oxhliodon  corhliodoriy  are  of  further  interest  inasmuch 
as  the  genus  and  species  has  heretofore  been  known  only  from  the  types 
in  the  Museum  of  Vienna. 

From  the  Kio  San  Francisco  there  are  but  four  specimens,  all  of  a  species 
common  to  the  mouths  of  the  east  coast  *l*i vers  of  Brazil.  The  rivers  of 
southeast  Brazil,  which  Dr.  Eigenmann  has  shown  to  have  a  fish  fauna 
distinct  from  that  of  the  Amazon  to  the  north  and  the  I^Plata  to  the 
south,  are  not  represented  in  the  collection.  I^ke  Titicaca  is  represented 
by  a  single  specimen,  Pygidium  nittlaUnn.  This  species,  with  Rhamdia 
tpieleUf  are  the  only  cat  fishes  found  in  Lake  Titicaca.  Both  of  these  are 
alpine  forms  characteristic  of  the  mountain  streams  of  the  Peruvian  Andes. 


How    THK  «  <iLIJ;GF>  <  Ol  M)   All)    TIIK    ITIU.H      S«  HOOKS    IN    TKAlIIINC    HIOI-OCJUAL 

srivJE(Ts.     By  W.  \V.  Norman. 


TlIK  I<  IITIIYoI.<M.lC  KKAT[RKS  OF  TIIK  Hi.  \tK    HlM>  l{K<;ioN.'        Bv  B.   W.  KVKK- 

MANN. 

I  AiJ^iitA*  T.; 

Last  September  I  was  directed  by  the  l'.  S.  Commissioner  of  Finh  and 
Fisheries  to  make  certain  investigations  in  Iowa,  Nebraska,  South  Dakota 
and  Wyoming  tor  the  purpose  of  determining  the  advisability  oi  estab- 
lishing one  or  more  fish-cultural  stations  in  those  states,  and  if  it  should 
be  found  desirable  to  establish  stations  in  that  region,  to  determine  the 
most  suitable  places  for  their  location. 

Investigations  of  this  kind  require  a  more  or  less  careful  study  of  the 
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physical,  chemical  and  biological  features  of  the  streams  and  lakes  of  the 
region  under  consideration,  for  these  in  their  various  phases  are  the  forces 
or  conditions  which  constitute  the  jtsh- environment ^  and  which  determine 
the  abundance,  condition  and  distribution  of  the  fish  life  of  each  hydro- 
graphic  basin. 

While  carrying  on  these  investigations,  I  spent  the  greater  part  of  the 
month  of  October  in  and  about  the  Black  Hills,  and  it  is  to  some  of  the 
biologic  characteristics  of  that  region  that  I  desire  to  call  your  attention. 

The  Black  Hills  are,  as  you  are  aware,  an  isolated  mountain  group  lying 
in  southwestern  South  Dakota  and  eastern  Wyoming.  These  Hills  lie 
wholly  within  the  basin  of  the  Cheyenne  River,  which  is  formed  by  the 
union  of  the  North  and  South  Forks.  The  North  Fork  of  the  Cheyenne, 
or  the  Belle  Fourche,  as  it  is  usually  called,  has  its  rise  west  of  the  Hills, 
flows  around  them  on  the  north  side,  and  to  the  eastward  joins  the  South 
Fork  which  also  rises  west  of  the  Hills  and  sweeps  around  them  to  the 
southward  in  a  wide  curx^e  very  much  like  that  of  the  Belle  Fourche  on 
the  north. 

The  immediate  drainage  of  the  Hills  is  by  means  of  numerous  smaller 
streams,  nearly  all  of  which  flow  eastward  in  approximately  parallel 
courses  to  one  or  the  other  of  the  two  Forks,  those  flowing  into  the  Belle 
Fourche  doing  so  from  the  right  bank,  while  those  reaching  the  South 
Fork  flow  into  it  from  the  left  bank.  During  our  stay  in  this  region  we 
made  collections  of  fishes  in  the  following  streams :  Middlt^,  Sand,  Red- 
water,  Crow,  Chicken,  Spearfish,  Whitewood,  Beaver,  Rapid,  Elk,  Fall. 
.Warm,  Cold,  Minnekahta,  and  Cottonwood  creeks,  the  Belle  Fourche  and 
the  South  Fork  of  the  Cheyenne,  and  in  Montana  and  Cox's  lakes,  nearly 
all  of  which  are  well  supplied  with  certain  species  of  tishes.  The  study  of 
these  collections  has  opened  up  a  number  of  interesting  questions  in  geo* 
graphic  distribution. 

The  fish  fauna  of  that  portion  of  the  Missouri  system  lying  in  and  about 
the  Black  Hills  is  peculiarly  restricted  in  its  character.  The  fifteen 
npecies  contained  in  this  collection, — and  no  other  species  has  ever  been 
reported  from  any  definite  locality  of  this  region, — represent  but  four 
families,  viz.:  two  catfishes,  four  suckers,  eight  minnows,  and  one  member 
of  the  codfish  family.  Kight  of  the  fifteen  species  belong  to  one  family, 
the  CitprinkUi.  Not  a  single  species  of  spiny-rayed  fish  has  been  found  in 
the  streams  about  the  Hills,  and  it  is  not  likely  that  any  will  be  found 
there.    Many  of  the  streams  in  or  near  the  Hills  would  apparently  farn- 
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ish  congenial  homes  for  sun  fishes,  bass,  and  even  several  species  of  dart- 
ers. That  these  are  not  there  must  be  due  to  the  nature  of  the  lower 
courses  of  the  streams  draining  the  hills,  and  that  of  the  Cheyenne,  to 
which  they  are  all  tributary.  The  Cheyenne  is  ordinarily  a  shallow 
stream  whose  waters  are  always  more  or  less  alkaline  and  filled  with  solid 
matter  in  suspension  from  the  extremely  easily  eroded  country  through 
which  it  flows.  The  lower  courses  of  the  streams  flowing  from  the  Hills 
are  through  the  same  Cretaceous  beds  and  partake  of  the  same  character. 
<.>uly  those  species  with  which  the  struggle  has  become  most  severe  will 
be  driven  to  seek  protection  and  food  in  the  muddy,  alkaline  streams,  and 
they  alone  would  eventually  find  their  way  into  the  purer,  clearer  waters 
above.  This,  of  course,  means  the  soft-rayed,  non-rapacious  fishes,  the 
suckers  and  minnows  and  other  mud-loving  forms. 

The  spiny-rayed  species  are  aggressive,  extending  their  attacks  to  all 
weaker  forms  about  them,  while  the  soft-rayed  species  are  defensive,  and 
seek  protection  in  retreat.  A  spiny  rayed  finh  has  no  occasion  to  ascend 
into  the  muddy,  alkaline  and  uncongenial  portions  of  these  streams  ;  the 
only  thing  which  would  cause  him  to  do  so  would  be  a  quest  for  foo  i,  but 
he  finds  it  easier  and  more  agreeable  to  get  food  of  suflicient  quantity  and 
quality  where  he  is.  Not  so  with  the  soft-rayed  fish  ;  he  must  not  only 
search  for  suitable  food,  but  he  must  also  see  that  his  enemy,  the  spiny- 
rayed  fish,  dc^es  not  catch  him.  The  attacks  of  his  enemies  were  proba- 
bly the  first  cause  impelling  him  to  take  refuge  in  the  turbid  water.  Find- 
ing Huitable  and  sufficient  food  in  this  new  environment,  and  total  relief 
from  the  persecutions  of  his  old  enemies,  he  finds  the  struggle  for  exist- 
ence easy,  the  surroundings  in  time  become  bearable  and  perhaps  agree- 
able, he  moves  about  at  will  through  all  parts  of  the  muddy  stream  and 
even  into  the  headwaters  where,  ntill  finding  an  abundant  food  supply 
and  none  of  his  old  enemies,  he  is  content  to  make  his  home. 

Before  mining  began  in  the  Hills  in  1875  and  1876,  nearly  every  stream 
possessed  all  the  natural  conditions  necessary  to  make  it  an  excellent 
trout  stream.  The  waters  were  clear  and  cold,  not  subject  to  contamina- 
tion from  any  Eource,  and  suitable  food,  such  as  insects  and  insect  larya^, 
and  the  smaller  Crustacea  and  mollusca,  was  undoubtedly  found  then,  as 
now,  in  abundance.  With  the  exception  of  a  few  streams  which  are  now 
ruined  by  mining  operations,  the  creeks  of  this  region  are  yet  excellent 
for  trout. 

The  explanation  for  their  absence  is  practically  the  same  as  that  which 


accounts  for  the  absence  of  spiny- rayed  fishes.  Land  barriers  have  evi- 
dently proved  competent  to  prevent  trout  getting  in  from  the  headwaters 
of  the  trout  streams  to  the  westward,  and  the  mud  and  alkali  which 
they  encountered  in  the  lower  portion  of  the  Yellowstone,  the  Missouri 
and  the  Big  Cheyenne  have  as  certainly  proved  an  impassable  barrier 
from  that  direction.  Among  the  many  regions  of  the  United  States 
which  possess  the  necessary  natural  conditions  for  trout,  the  Black  Hills 
district  is  the  only  one  of  any  considerable  area,  if  we  except  portions  of 
the  Yellowstone  National  Park,  in  which  one  or  more  species  of  Salmon- 
idx  are  not  or  have  not  been  indigenous.  The  absence  of  trout  and  all 
other  species  of  fish  from  the  various  lakes  and  streams  of  the  Yellow- 
stone National  Park  (e,  g.  Lewis  and  Shoshone  lakes,  Gibbon,  Firehole 
and  Little  Firehole  rivers,  and  Indian,  Glen,  Nez  Perc^  and  Sentinel 
creeks)  is  undoubtedly  accounted  for  by  the  presence  of  impassable  falls 
where  these  waters  leave  the  great  rhyolite  sheet  which  covers  the  Park, 
as  shown  by  the  investigations  made  by  Dr.  Jordan  in  1889.  The  presence 
of  trout  in  Yellowstone  Lake  and  tributary  streams,  notwithstanding  the 
fact  that  the  outlet  of  Yellowstone  lake  (Yellowstone  River)  has  two  enor- 
mous falls  which  wholly  prevent  the  ascent  of  fish,  is  (|uite  evidently  due 
to  the  most  interesting  and  curious  fact  that  there  is  a  continuous  water- 
way furnishing  easy  passage  for  trout  from  the  upper  tributaries  of  Snake 
River,  by  way  of  Two-Ocean  Pass,  into  the  upper  Yellowstone  River.  That 
Yellowstone  Lake  could  have  been,  and  almost  certainly  was,  stockefi  in 
this  way  from  the  Columbia  basin,  was  demonstrated  by  the  investiga- 
tions which  I  made  during  my  visit  to  Two-Ocean  Pass  in  August,  1891. 

The  presence  of  trout  in  the  upper  tributaries  of  the  Colorado,  Rio 
Grande,  Arkansas,  and  Platte,  whose  lower  courses  are,  in  some  cases  at 
least,  not  unlike  those  of  the  Cheyenne  and  Missouri,  is  a  matter  whose 
explanation  is  not  without  some  difficulties.  The  relationships  of  the 
various  species  or  sub-species  of  Salmo  found  in  these  difllerent  basins 
are  very  close  and  indicate  a  common  origin  at  no  remote  date.  Whether 
they  are  all  descended  from  a  form  which  came  up  from  the  Pacific  coast  or 
one  from  the  Atlantic  cannot  be  certainly  known,  though  the  bulk  of  the 
evidence  points  to  the  former  view.  But  whatever  may  have  been  the 
fact,  it  is  certain  that  the  headwaters  of  the  Columbia,  Colorado,  Rio 
Grande,  Arkansas,  and  Platte  have  been  connected  in  some  way  at  some 
time  or  other,  thus  permitting  the  trout  to  spread  into  these  various  basins. 
That  there  are  no  trout  in  the  Cheyenne  basin  would  seem  to  indicate  that 
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the  streams  of  this  system  hecame  separated  and  differentiated  as  a  dis- 
tinct drainage  system  earlier  than  did  those  of  the  Platte,  Arkansas,  Rio 
Grande,  Colorado,  or  Columbia,  or  else  that  they  are  streams  of  more  re- 
cent origin  and  have  never  been  connected  at  any  time  with  any  of  the 
streams  containing  trout.  Such  a  history  as  this  for  the  Cheyeniie,  to- 
gether with  the  shallow,  muddy,  alkaline  character  of  its  lower  portion, 
seems  to  be  a  reasonable  explanation  of  the  absence  of  trout  from  the 
Black  Hills.* 

The  effect  of  the  peculiar  alkali  water  of  the  Cheyenne  and  the  lower 
course  of  the  streams  flowing  from  the  Black  Hills  has  been  to  reduce  the 
fishes  to  a  nearly  uniform  pale,  faded  or  bleached  appearance.  Except 
those  found  above  the  alkali  water,  they  are  almost  wholly  without  pig- 
ment cells  of  any  kind.  Perhaps  the  most  extreme  case  of  bleaching  is 
that  of  the  flat-headed  minnow,  Platygobio  gracilis,  which,  of  all  American 
fishes,  seems  to  be  the  one  most  perfectly  adapted  to  these  alkali  streams. 

The  following  is  a  list  of  the  species  of  fishes  obtained  in  the  Black 
Hills  and  vicinitv : 

SILl  KID.K,  OR  CATFISHES. 

1.  Noturus  Jiavm  Rafinesque.  Yellow  Cat.  South  Fork  of  Cheyenne 
River  at  Cheyenne  Falls,  and  Belle  Fourche  River  at  Belle  Fourche. 

2.  Ictalurm  piincfattta  (Raf.)  Channel  Cat.  Middle  Creek  at  Belle 
Fourche. 

CATO.STOMID.K,  OH  SLCKEKN. 

,*i.  Carpiodes  carpio  (Raf.)  Carp  Sucker.  Found  by  us  only  in  the  Belle 
F'ourche. 

4.  Pantosiew<  jordani  Evermann.  This  species  recently  described  by 
me  as  new  (Bull.  U.  S.  Fish  Com.,  XII.,  Art.  2,  51-50,  January  27,  1893,) 
was  found  by  us  in  most  of  the  streams  of  the  Black  Hills,  viz :  White- 
wood,  Spearfish,  Crow,  Rapid  and  Hat  creeks,  and  in  the  Belle  Fourche. 
For  full  description,  see  the  Bulletin  mentioned  above. 

5.  Catostomus  teres  sucklii  Girard.  Common  Western  Sucker.  Found  in 
Middle,  Crow,  Chicken,  Rapid,  Cottonwood  and  Hat  creeks,  and  in  the 
Belle  Fourche. 

(».  Moxostoma  macroUpidolum  dvquesnii  (Le  Sueur.)  The  Belle  Fourche 
and  South  Fork  of  the  Cheyenne,  and  in  Redwater  Creek. 

'•''Iq  his  paper  on  "  The  North  Americau  Species  of  Salmon  and  Trout,"  printed  in  the 
U.  S.  Fish  Commission  Report  for  1872-1873.  Dr.  Suckley,  in  giving  the  habitat  of  Stxlmn 
lcnnn(S.  mykiaa),  credits  it  to  the  "  Biick  Hills,  Nebra.<ika,  Dr.  Hayden."  I  ha?e  been  un- 
able to  verify  this  refercncf,  and  I  believe  it  to  be  an  error. 
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<*YI*KINII).K,  OK  MINNOWS. 

7.  HybogmUhu*  nitcfuUu  placUa  Grd.  Western  Silvery  Minnow.  Cot- 
tonwood, Hat,  and  Middle  creeks,  and  South  Fork  of  Cheyenne  and  Belle 
Fourche  rivers. 

8.  Pimephalci  jtrtfmelas  Kaf.  Black-headed  Minnow.  Middle,  Rapid, 
Cottonwood,  and  Hat  creeks. 

S),  Notropis  delicioms  (Grd.)  Middle,  Rapid,  Cottonwood,  and  Hat  creeks, 
and  Belle  Fourche  River. 

10.  Rhinichthys  dulcis  ((ird.)  Western  Dace.  Whitewood,  Chicken, 
Crow,  Rapid,  Cottonwood,  and  Hat  Creeks,  Cook's  Pond,  near  Spearfish, 
and  Fall  River. 

11.  Cotwnnii  disiimUis  ((Ird.)     Found  only  in  Rapid  Creek. 

V2.  Plat(fgohu)  gracilis  (Rich.)  Flat-headed  Minnow.  Middle,  Cotton- 
wood, and  Hat  creeks,  and  Belle  Fourche  and  South  Fork  of  Cheyenne 
rivers,  in  all  of  which  it  is  abundant. 

i:>.  Semotilui*  atromacukUns  (Mitch.)  Chub.  Found  only  in  Chicken, 
Crow,  and  Rapid  Creeks.  These  are  the  most  western  localities  from  which 
this  fish  has  been  reported. 

14.  rjeucisctts  neogn-ua  (Cope.)  Found  by  ns  only  in  Cox's  I^tke  and 
Chicken  Creek,  near  <  iammon's  ranch,  8.  D. 

GAniD.K,  OR   r01)-FI8HE». 

IT).  lA)ta  lota  maculom(lje  Sueur. )  One  specimen  obtained  at  Cheyenne 
Falls.    This  is  the  only  fresh  water  representative  of  the  codfish  family. 

These  fifteen  npecies  are,  so  far  as  known,  the  only  fishes  found  native  to 
the  Black  Hills.  It  is  the  intention  to  continue  the  investigations  in  that 
region  during  a  portion  of  the  coming  summer,  when  it  is  expected  that 
the  exact  limits  in  the  range  of  at  least  some  of  these  species  may  be 
made  out.  It  is  especially  desirable  to  determine  in  what  streams  the 
spiny- rayed  fishen  make  their  nearest  approach  to  this  region. 


The    ITAKMKiAN    OF   TIIK    AlKITIAX  ISLANDS.       By    B.  W.    EVKRMANN. 

[Ab>tka<t.J 

It  was  my  good  fortune  to  spend  the  six  months  from  March  to  Sfptem- 
ber,  1S92;  on  board  the  U.  S.  Fish  Commission  steamer  Albatrony  which 
was  engaged  during  that  time  investigating  the  habits,  abundance  and 
distribution  of  the  fur-seal  in  the  North  Pacific  and  Bering  sea.    While 


farrying  oii  these  investigations  we  touched  at  a  namber  of  places  on  the 
mainland  of  Alaska,  and  while  cruising  along  the  Aleutian  chain  of 
islands  we  visited  most  of  those  which  are  inhabited. 

While  the  study  of  the  birds  of  these  regions  was  only  an  incidental 
part  of  my  work,  nevertheless  I  had  opportunity  to  make  considerable 
collections  at  Alexandrovsks  and  Saldovoi  in  Cook's  Inlet,  at  Nuchek  in 
Prince  William  Sound,  on  Kadiak  Island,  Unalaska,  Amaknak,  Atka  and 
Atta  islands,  also  upon  Bering  Island  of  the  Commander  group. 
AmoDg  these  is  a  series  of  ptarmigan  that  is  of  much  intert-st. 

The  species  represented  are  the  following  :  Willow  Ptarmigan  {lAigopus 
lagapiis)  and  Rock  Ptarmigan  {L,  rujH'stris)  from  Kadiak  Island,  Nelson's 
Ptarmigan  {L.  rupestris  nelmni)  from  Amaknak  and  Unalaska  islands, 
Turner's  Ptarmigan  {L.  ruj)€stri8  atkertsU)  from  Atka  Island,  and  an  undes- 
cribed  species  from  the  island  of  Attn,  the  most  Avesterly  of  the  Aleutian 
chain. 

The  two  species  from  Kadiak  Island  were  collected  April  i:iand  14,  and 
are  interesting  as  showing  the  plumage  at  that  season.  The  Willow 
Ptarmigan  ranges  near  the  bases  of  the  mountains  and  among  the  sparse 
willow  growth  of  the  lower  portions  of  the  island.  At  the  time  of  our 
visit  the  snow  had  melted  from  considerable  areas  frequented  by  this 
species,  while  higher  up  the  mountains,  Avhere  we  found  the  Rock 
Ptarmigan,  and  where  there  is  little  or  no  woody  vegetation,  the  Hnow 
covering  everything  completely. 

The  principle  of  adaptation  to  environment  was  clearly  illustrated  by 
these  two  species.  The  one  whose  range  was  in  the  region  still  covered 
entirely  with  snow  had  not  yet  begun  to  change  from  winter  to  summer 
plumage,  not  one  of  the  sixty  odd  i-pecimens  collected  showing  a  single 
brown  feather;  the  plumage  of  every  one  was  a  solid  white.  Not  so, 
however,  with  the  Willow  Ptarmigan.  Their  plumage  had  already  begun 
to  change  gradually  w  th  the  slowly  melting  snow,  and  in  most  cases  the 
head  and  neck  had  almost  completely  changed  to  the  summer  brown, 
while  brown  feathers  were  scattered  here  and  there  through  the  rest  of 
the  plumiige. 

It  is  easy  to  see  that  it  is  greatly  to  the  advantage  of  each  of  these 
species  to  change  from  winter  to  summer  plumage  synchronously  with 
the  melting  snows  ;  too  rapid  or  premature  change  as  well  as  change  too 
long  delayed  would  def«at  the  object  of  protective  coloration. 

Specimens  of  Nelson's  Ptarmigan  were  obtained  May  19  and  20,  and 


80 

others  in  June.  Those  obtained  in  May  had  changed  considerably 
toward  the  summer  dress^  while  those  taken  in  June  were  in  complete 
breeding  plumage.  On  May  24  I  spent  the  day  on  Atka  Island,  and  se- 
cured a  dozen  good  specimens  of  Turner's  Ptarmigan.  They  were  usually 
found  low  doAvn,  either  in  the  lowest  heather  or  among  the  tall  dead 
grass  of  the  lowest  hills.  They  were  always  seen  in  pairs,  and  were 
evidently  mated.  When  flushed  the  male  utters  a  coarse,  gutteral  note, 
not  distinguishable  by  me  from  that  of  Nelson's.  Most  of  their  crops 
were  empty,  but  some  were  filled  with  leaves  of  Empetrum  nigmm.  While 
the  higher  parts  of  the  island  were  still  covered  with  snow,  the  portions 
where  we  found  the  ptarmigan  were  almost  wholly  free  of  snow,  and 
these  birds  were,  as  might  be  expected,  in  almost  complete  summer 
plumage. 

The  various  species  of  ptarmigan  are,  as  you  know,  non-migratory,  in 
this  respect  resembling  our  native  quail  of  Indiana ;  and  the  individuals 
found  upon  any  particular  island  are,  of  course,  practically  limited  to 
that  one  island.  That  ptarmigan  are  found  upon  several  islands  of  the 
Aleutian  chain  is  due  either  to  the  fact  that  the  different  islands  were  at 
one  time  connected,  thus  permitting  the  ptarmigan  to  spread  over  the 
entire  area,  or  else  that  individual  birds  now  and  then  found  their  way  to 
other  islands  by  being  carried  across  by  strong  winds.  Individuals  thus 
carried  to  a  new  island  remained  there,  of  course,  and,  adapting  themselves 
to  the  new  conditions,  became  well  established.  In  time,  the  new  condi- 
tions, differing  however  slightly  from  those  upon  the  island  from  which 
they  came,  reacted  upon  these  birds  and  modified  them  more  or  less, 
until  finally  they  became  sufficiently  differentiated  to  be  easily  distin- 
guished from  the  ptarmigan  of  any  other  island.  That  differentiation  of 
this  character  does  take  place  is  a  well  known  fact  to  every  student  of 
insular  faunas,  and  the  ptarmigan  of  the  Alaskan  islands  afford  excellent 
illustrations  of  this  important  principle.  The  investigations  made  by  Dr. 
Stejneger  and  Prof.  Ridgway,  some  years  ago,  showed  that  the  ptarmigan 
of  Unalaska  Island,  of  Atka  Island,  and  of  Bering  Island  must  be  re- 
garded as  three  distinct  species,  or  sub  species. 

Unalaska  is  about  500  miles  from  Kadiak ;  Atka  is  nearly  400  miles 
further  west;  Attn  is  500  miles  west  of  Atka,  and  about  300  miles  south- 
east of  Nikolski  on  Bering  Island.  It  will  thus  be  seen  that  the  island 
of  Attn  is  quite  as  much  isolated  as  are  the  others  named,  and  I  was 
therefore  very  anxious  to  secure  specimens  of  ptarmigan  from  that  island 
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if  possible.  That  ptarmigan  were  to  be  found  upon  Attn  Island  I  knew 
from  the  report  of  Mr.  L.  M.  Turner,  who  visited  the  island  in  1880-81, 
but  who  appears  not  to  have  collected  any  specimens. 

The  Albatnm  anchored  in  Chichagof  harbor,  Attn  Island,  on  the  evening 
of  May  28,  and  I  spent  the  next  day  on  shore  climbing  over  the  snowy 
mountain  slopes  in  search  of  the  ptarmigan;  and  the  search  was  re- 
warded by  our  securing  five  fine  specimens,  four  males  and  one  female. 
A  comparison  of  these  with  the  specimens  which  I  had  from  Unalaska 
4ind  Atka  indicated  that  there  are  some  well  marked  differences,  and  that 
the  Attn  Ptarmigan  is  worthy  of  at  least  sub-specific  rank.  Upon  re- 
turning to  Washington  I  turned  the  specimens  over  to  the  U.  S.  National 
Museum,  where  they  have  been  examined  by  Doctors  Ridgway,  Stejneger, 
and  Merriam,  all  of  whom  pronounce  it  a  new  and  well-marked  variety. 


1/)C.\I.    VARIATIONS.      By  C.  H.  ElGEXMAXN. 

(Arstract.J 
A  detailed  comparison  of  about  400  specimens  of  Leucisciis  from  the 
Columbia  basin  and  the  Eraser  basin  showed  that  each  locality  has  a 
variety  which  in  the  aggregate  was  difi*erent  from  the  varieties  of  every 
other  locality.  The  fin  rays  were  found  to  decrease  with  the  altitude,  and 
in  a  general  way  it  was  noticed  that  the  variation  between  the  specimens 
of  the  same  species  also  decreased  with  the  altitude.  These  facts  were 
4lemon6trated  by  diagrams. 


modkkn  ge0<jraimii(al  distribution   of   insects   in   indiana.      by  f.  m. 
Weijstek. 

He  who  studies  geographical  distribution  is,  at  the  very  beginning, 
brought  to  understand  that  the  area  of  any  one  state,  or,  indeed,  any 
single  country,  is  far  too  limited  in  which  to  work  out  his  problem,  as  in 
the  majority  of  cases  the  influences  which  make  the  presence  of  a  species 
possible  lie,  largely,  outside  the  boundaries  of  such  state.  The  ento- 
mology of  Indiana  is  only  a  fragment  of  the  world's  entomology  and  must 
be  studied  in  connection  with  its  closely  related  factors.  You  will  there- 
fore, 1  hope,  pardon  me  for  beginning  my  subject  at  a  long  distance  from 
home  and  with  elements  seeming  at  first  to  have  little  to  do  with  Indiana 
insects. 
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There  are  currenta  of  air  in  the  hcaveni  and  currents  oE  water  in  both 
the  oceans  and  inland  Btreams,  and  all  theae  have  their  influence  on  in- 
gect  dietribiition.  The  inflaencea  of  the  Gulf  atream  of  the  Atlantic  are 
far  reaching  in  their  efiecte,  as  will  be  further  explained,  while  the  cor- 
reaponding  current,  sweeping  northwttrd  along  the  coast  of  easl«m  Asia 
and  Boath  along  the  west  coast  of  North  America,  is  at  present  less  im- 
portant in  its  effects,  owing  largely,  perhaps,  to  the  Rocky  Mountains  and 
the  Great  American  Desert.  There  also  seem  to  be  currents  of  insect 
migration.    These,  three  in  number,  may  be  designated  as  follows :     The 
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Pacific  coast,  Northwestern  and  Southwestern.  With  the  first  we  at  pres- 
ent have  little  to  do,  as  owing,  possibly,  to  the  combined  influences  of  the 
mountains  and  desert  intervenin);  between  ua  and  the  area  directly  in- 
rinenced  by  it,  we  eee  little  of  the  insect  fauna  of  the  Pacific  coast.  To  the 
influirnce  of  the  Rocky  Mountains  I  attribute  the  extension  of  Alaskan 
forms  southward  to  New  Mexico.  Whether,  with  the  barriers  withdrawn, 
these  trans  Pacific  and  fub-s  re  tic  species  would  drift  eastward,  is  a  problem 
which  will  likely  only  be  solved  when  some  gigantic  system  of  irrigation 
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shall  cause  these  desert  wastes  to  cover  themselves  with  vegetation.  The 
other  two  have  an  influence  on  the  insect  fauna  of  Indiana  which  we  can 
as  yet  hut  vaguely  understand.  In  a  paper  on  ''  Some  Insect  Imuiiiscrants 
in  Ohio,"  read  before  the  Ohio  Academy  of  Science,  an<l,  later,  published 
in  "  Science,'*  Vol.  XXII.,  pp.  57-59,  and  from  which*  notice  the  map 
is  extracted,  we  indicated  the  dividing  line  between  these  two  currents  of 
insect  migrations  in  the  following  terms  : 

"  There  are,  seemingly,  two  what  we  may  term  gateways  through  which 
the  majority  of  species  that  have  come  to  us  from  the  east,  have  made 
entrance  into  the  state  of  Ohio,  and,  later,  spread  out  over  the  northwest. 
The  first,  and  apparently  the  most  important  one  of  these,  being  at  the 
extreme  northeastern  part,  adjoining  Lkke  Erie,  and  which  we  might 
term  the  north  gate,  and,  second,  the  valley  of  the  Ohio  river,  from  a 
point  where  it  begins  to  form  the  eastern  boundary  of  the  state,  south- 
ward— perhaps  to  Wheeling,  W.  Va.  Now,  there  also  appear  to  be  two 
great  national  avenues  or  highways  which  insect  migrations  follow;  pro- 
gressing more  rapidly  along  either  one  or  the  other,  but  not  e(iually  so 
along  both,  and  often  following  only  one;  the  more  sub- tropical  species, 
whether  American  or  introduced,  taking  the  southern  or  what  I  would 
call  the  Great  Southwestern  route,  while  the  sub  arctic,  including,  besides 
American,  such  epecies  as  have  come  to  us  from  England  or  Europe  north 
of  latitude  45°  north,  take  what  I  would  term  the  Great  Northwestern 
route.  The  division  between  these  two  great  thoroughfares  will  be  indi- 
cated, approximately,  by  a  line  drawn  from  New  York  City,  latitude 
40°  43^  north,  to  St.  Louis,  Missouri,  latitude  38°  38'  north,  thence  to 
Pueblo,  Colorado,  latitude  38°  17^  north  (about),  the  line  of  separation 
trending  northward,  east  of  St.  Louis,  under  the  influence  of  the  Gulf 
Stream  and  the  Great  Lakes,  chiefly  the  former.  Of  course  it  is  not  to  be 
understood  that  this  line  is*  direct,  as  it  is  doubtless  more  or  less  irregular, 
and,  from  its  very  nature,  to  some  extent  unstable,  nor  is  it  to  be  sup- 
posed to  form  a  radical  boundary,  as  some  northern  forms  gra<lually  work 
their  way  south  of  it,  and  vice  rerm.  Yet  it  will,  I  think,  be  found  ap- 
proximately correct." 

From  the  foregoing  it  will  be  clearly  observed  that  Indiana  is  itself  but 
a  single  factor  in  the  determination  of  the  nature  of  its  insect  fauna,  and, 
while  the  extent  of  its  area  covered  by  a  species  may  be  largely  a  matter 
of  local  influences,  these  are  not  by  any  means  important  factors  in  deter- 
mining the  exact  locality  where  such  species  shall  first  appear  within  its 
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borders.  This  is  quite  aptly  illustrated  by  Phytonomus  puru'iaiu^y  Fab.,  and 
Hnle»inu»  trifolii  Muel.*  These  entered  Ohio  first  at  the  extreme  northeast 
comer  of  the  state,  and  there  seems  to  have  been  a  later  introduction  by 
the  southeast  gateway,  the  current  of  the  Ohio  river  carrying  them  down 
and  landing  a  colony  of  each  in  southeast  Tndiana  and  southwest  Ohio, 
thus  completely  disarranging  what  had  previously  seemed  very  probable, 
viz :  that  both  of  these  species  would  cross  northern  Ohio  and  make  their 
first  entrance  into  the  state  from  the  northeast.  As  it  is,  they  will  proba- 
bly not  do  so,  but  work  to  the  north  and  west,  the  two  invasions  (a  second 
will  probably  occur  in  the  northeast)  meeting  somewhere  north  of  the 
center,  west  or  southwest  of  Ft.  Wayne.  Strange  as  it  may  appear,  an 
invasion  of  foreign  or  American  species  starting  from  Quebec,  New 
England  or  New  York,  makes  its  way  westward  to  the  south  of  the  Great 
Lakes  instead  of  to  the  north.  Therefore,  species  entering  Indiana  from 
Michigan  are  of  rare  occurrence.  Indeed,  I  do  not  know  of  a  single  one 
whose  advance  can  be  with  certainty  traced  to  such  a  course.  Aphodiun 
fossor,  Linn.,  may  perhaps  be  an  exception,  as  it  is  known  to  have  worked 
southward  to  Massachusetts  from  Canada.  It  was  next  found  at  Detroit, 
Michigan,  and  I  have  seen  specimens  collected  about  Chicago,  while  Prof. 
Wickham  reports  it  from  Iowa,  he  having  found  it  in  1887.  There  are, 
however,  at  present  no  good  collectors  in  northern  Ohio,  and  it  might 
have  followed  the  usual  route  along  to  the  south  of  Lake  Erie. 

Invasions  have  also  swept  over  the  state  from  the  west,  though  not 
many  of  these  are  recorded.  Borijphora  lO-Uneataj  Say,  an  American  species, 
will  amply  illustrate  the  fact  of  there  being  a  current  of  insect  migration 
from  west  to  east,  as  well  as  one  taking  the  reverse  course. 

For  anything  we  can  now  see,  this  system  of  currents  and  counter  cur- 
rents may  have  thus  been  going  on  for  ages,  and  it  is  fruitless  to  attempt 


•>  NoTK.— Since  the  above  wns  written,  I  leam  that  this  species  has  been  reported  from 
northeast  Iowa  by  Mr.  Wallace,  of  Des  Moines.  Investigation,  however,  develops  the 
fact  that  this  report  is  based  on  an  injurj*  to  clover,  supposed  to  have  been  done  by  this 
beetle.  There  is  no  evidence  showing  that  it  has  been  observed  in  Iowa.  Mr.  E.  A. 
Schwarz,  of  Washington,  reports  it  from  D-  troit,  Michigan,  and  the  report  is  doubtless 
correct:  therefore,  it  may  now  occur  in  extreme  northeast  Indiana,  In  accordance  with 
our  previous  anticipations.  I  wish  also  to  call  attention  to  the  fact  that  this  insect,  in 
European  catalogues,  is  placed  in  the  genus  IlyUistcs,  and,  so  far  as  known  to  the  writer, 
has  never  bee II  considered  as  b»  longing  eUcwht  re.  If  it  belongs  to  this  geniis  in  Europe, 
it  should  in  the  United  States,  since  no  striking  anatomical  changes  would  follow  its 
transportrtti m  from  thut  country  to  this.  If  our  genera  arc  not  in  conformity  with  those 
of  the  same  name  in  other  countries,  then  why  use  a  preoccupied  name?  The  idea  that 
this  species  shall  be  a  Ilylofinus  in  America  and  a  Hylastes  in  Europe,  is  sheer  nonsense 
^nd  should  1^  corrected,  either  in  one  country  or  the  other. 
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to  show  how  many  of  our  now  thoroughly  established  species  may  have 
been  brought  to  the  state  in  this  manner.  This  much  for  the  insect  cur- 
rent of  migration  that  has  passed  over  our  great  northwestern  route. 

In  regard  to  the  southwestern  route,  while  it  may  be  said  to  cover  a 
smaller  area  of  the  State,  it  has,  probably,  brought  a  less  number  of  speciei^ 
of  foreign  origin,  while  of  American  species,  it  may  have  supplied  the 
state  fauna  with  nearly  an  equal  number.  Any  one  who  will  take  the 
pains  to  look  into  the  matter  will  be  surprised  at  the  number  of  southern 
species  that  are  hovering  about  in  the  vicinity  of  our  dividing  line,  which 
marks  either  their  approximate  northern  limit  of  occurrence,  or  else  their 
northern  limit  of  normal  abundance.  Among  the  I^pidoptera,  Agraidis 
mniliiff  Linn.,  is  a  good  illustration,  as  it  covers  almost  exactly  the  south- 
ern area  and  is  found  in  Indiana  only  in  one  of  the  extreme  southern 
counties.  ArgynnU  (lianas  Cram.,  is  probably  another  example.  On  the 
other  hand,  Papilio  ajax,  Linn.,  and  P.  cresphcntej*,  Cram.,  both  southern 
species,  have  pushed  over  and  far  beyond  our  line  of  demarkation.  Indeed, 
it  seems  probable  that  the  former  has  reached  farther  north  in  western 
New  York  than  it  has  along  the  A  tlantic.  The  same  might  be  said  of  one  of 
the  Orthoptera,  Acridium  atitericanumy  Scudd.  I  have  observed  this  rarely 
in  southern  DeKalb  county,  northern  Illinois,  and  quite  abundantly  in 
soutlern  Illinois,  and  know  it  to  occur  sometimes  in  exceedingly  great 
numbers  in  southeast  Indiana.  It  pushes  far  north  of  our  dividing  line, 
but  is  abundant  only  near  or  to  the  fiouth  of  it.  The  following  from 
'^  Field  and  Forest,"  Vol.  II.,  p.  145,  Feb.,  1877,  will  prove  interesting  in 
this  connection: 

"Acridiuin  aniericanum.  -  Two  correspondents,  of  the  Department  of 
Agriculture,  writing  from  Vevay,  Indiana,  about  the  middle  of  last  Novem- 
ber, reported  the  visitation  in  that  place  of  an  immense  cloud  of  grass- 
hoppers that  literally  covered  the  streets  of  the  town.  One  of  the  gentle- 
men observed,  about  5  P.  M.,  dense  cumulo  stratus  clouds  in  the  south- 
west, gradually  overspreading  the  sky ;  at  6  o'clock  the  wind  had  risen  to 
moderate  gusts,  and  within  half  an  hour  a  rattling  noise  was  heard  against 
the  windows,  like  that  of  light  hail.  On  openiuf;  the  doors,  grasshoppers 
entered  in  immense  numbers,  covering  the  floon^,  furniture,  clothing,  &c. 
The  shower  continued  till  8  o'clock  P.  M.,  when  the  ground  was  thickly 
covered,  and  the  boys  began  to  burn  them,  shoveling  them  into  bonfires. 
The  specimen  sent  shows  the  insect  to  have  been  the  Acntiium  amerUamnu, 
one  of  our  largest  American  grasshoppers.'' 
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Stagmomantis  Carolina,  Burm.,  is  an  inhabitant  of  southern  Indiana,  and 
breeds  in  the  extreme  southern  portion,  and,  at  least,  as  far  north  as  Jef- 
ferson county.  I  learn  that  a  female  was  captured  in  Indianapolis  last 
year.  The  line  given,  however,  marks  its  northern  limit  of  usual  occur- 
rence. In  Coleoptera,  Dynasies  titputf  linn.,  is  a  good  example.  It  is  a 
southern  species,  occurring  from  Central  America  northeast  to  southern 
New  York.  Its  northern  limit  in  Indiana  is  near  the  line  given  on  the 
accompanying  map.  It  breeds  in  the  vicinity  of  Bloomington,  and  I  have 
seen  a  specimen  taken  at  Ck)lumbus.  Tetracha  virginica,  Linn.,  whose  dis- 
tribution Schaupp  ^ives  as  ''Texas,  Louisiana,  Florida,  Nebraska  and 
Pennsylvania,"  I  have  taken  at  LaFayette. 

In  Hemiptera,  Murgantia  histrUmicay  Hahan,  whose  southern  home  is 
Gautemala  and  Mexico,  began  its  northward  march  from  Texas  about 
1866,  and  has  now  reached  northern  New  Jersey  on  the  east,  occurring  in 
southern  Ohio,  where  it  appeared  about  1889.  It  has  for  quite  a  number 
of  years  been  observed  in  southern  Illinois,  but  seems  not  to  have  appeared 
in  Indiana  until  1890,  when  it  was  observed  in  Perry  county.  It  also  occurs 
commonly  over  the  southern  half  of  Missouri,  and,  in  fact,  covering  the 
whole  area  south  of  our  dividing  line,  and,  as  shown,  crowding  closely  up 
to  it  in  Ohio,  Indiana  and  Illinois,  though  it  is  not  likely  to  extend  far 
beyond  this  in  either  of  these  states.  Its  slow  progress  and  scanty  num- 
bers show  it  to  have  nearly  reached  its  northern  limit.  There  are  two 
other  members  of  this  order  of  whose  local  distribution  I  wish  to  speak, 
the  origin  of  both  being  enveloped  in  an  obscurity  altogether  too  dense  to 
offer  any  hope  of  our  ever  being  able  to  solve  the  mysteries  of  their  diffu- 
sion. I  refer  to  the  Chinch  bug,  Blisms  leucopUruSy  Say,  and  Cicada  septen- 
decinty  Linn. 

The  Chinch  bug  was  described  by  Say  from  a  specimen  from  the  east 
shore  of  Virginia,  though  it  is  now  known  to  have  at  that  time  occurred 
in  destructive  numbers  in  Illinois,  and  at  no  great  distance  from  New  Har- 
mony, Indiana.  In  fact,  Illinois  seems  to  have  been  the  central  point  of 
its  greatest  abundance — the  storm  center,  so  to  speak.  In  Indiana,  its 
destructive  area  may  be  approximately  included  by  a  line  drawn  /rom  the 
northwest  corner,  near  Chicago,  to  New  Albany,  and  its  area  of  occurrence 
in  noticeable  numbers  by  a  line  drawn  from  the  same  point  to  Ft.  Wayne 
and  the  eastern  border  of  Ohio.  North  of  this  line,  especially  in  the 
northern  row  of  counties,  the  insect  can  only  be  found  by  close  collecting. 
I  myself  spent  a  half  a  day  in  LaGrange  county  during  a  season  of  great 


abundance  elsewhere,  and  foand  but  a  single  specimen,  and  this  of  the 
short- winged  form,  which  occurs  also  in  New  York,  being  variety  (c)  of 
Fitch.  I  have  spent  a  great  deal  of  time  and  investigation  in  trying  to 
unravel  the  mystery  of  this  distribution,  but  can  now  give  no  reason  for 
the  almost  total  absence  of  the  species  in  the  northeastern  portion  of  the 
state,  while  they  are  overabundant  in  the  opposite  direction. 

While  located  in  Indiana,  an  opportunity  was  offered  me  to  study  the 
distribution  of  three  broods  of  Cicofla  »e2>tendecintj  Linn.,  very  carefully. 
These  were  Brood  XXII.,  1885;  Brood  V.,  1888;  Brood  VIII.,  1889.  The 
first  of  these  covered  the  whole  area  of  the  state  except  a  narrow  strip  of 
country  around  the  southern  extremity  of  Lake  Mi'chigan,  the  outlines 
being  approximately  described  by  a  line  commencing  at  the  northern 
boundary  of  the  state,  nearly  or  quite  due  north  of  the  city  of  I^Porte, 
and  extending  nearly  south- southwest,  running  a  short  distance  east  of 
Westville,  on  the  L.,  N.  A.  &  C.  R.  K.,  and  crossing  this  railway  near 
Wanatah ;  then  Bweeping  southwest  to  the  western  boundary  of  the  state. 
This  brood  ]>robably  occupied  the  territory  along  the  Kankakee  river,  and 
extending  a  short  distance  northward  into  Lake  and  Porter  counties. 

Brood  v.,  1888,  so  far  as  I  have  been  able  to  learn,  covered  almost  ex- 
actly the  area  not  visited  by  Brood  XXII.,  and  was  not  observed  else- 
where in  the  state. 

Brood  VIII.,  I  have  definitely  recorded  from  the  counties  of  Brown, 
Clark,  Crawford,  Daviess,  Dearborn,  Floyd,  Gibson,  Harrison,  Johnson. 
Knox,  Lawrence,  Monroe,  Morgan,  Orange,  Scott,  Tippecanoe,  Warwick 
and  Washington.  In  Harrison  county,  only,  were  the  insects  abandant, 
and  in  Tippecanoe  county  the  invasion  was  only  known  from  a  single 
female  captured  by  the  young  sons  of  Dr.  E.  Test.  Broods  XXII.  and  V. 
are  both  strong  ones,  while  Brood  VIII.  is  apparently  very  weak,  and, 
owing  to  the  clearing  up  of  the  forests  and  the  attacks  of  the  English  spar- 
row, it  will  not  be  surprising  if  it  becomes  nearly  or  quite  extinct  in 
Indiana  during  the  next  century. 

Of  the  Diptera  very  little  is  really  known.  I  am  quite  sure  the  two 
species  of  Simulium,  S.  j^ecnarinmj  Riley,  and  S.  meredionnhy  Riley,  both 
inhabit  the  southwestern  portion  of  the  state.  How  far  northward  they 
may  occur  I  am  not  able  to  say.  The  species  found  in  Franklin  county 
I  am  sure  is  difTerent,  but  it  may  not  be  a  northern  form. 

I  have  thus  gone  over  the  subject  in  a  general  way,  without  going  into 
a  detailed  account  of  a  greater  number  of  species  than  necessary  to  illus- 
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trate  my  points.  To  have  done  so  would  have  required  a  greater  knowledge 
of  local  distribution  o{  species  than  we  now  possess.  What  is  at  present 
especially  needed  is  intelligent,  continuous,  persistent  local  collecting, 
such  as  is  being  done  by  Mr.  Evans,  of  Evansville,  Profs.  Blatchley,  of 
Terre  Haute,  and  W.  P.  Shannon,  of  Greensburg,  and  Judge  McBride  and 
sons,  of  Elkhart.  It  is  only  by  long  acquaintance  with  a  locality  that 
we  become  familiar  with  its  fluctuating  insect  fauna— species  that  do  not 
occur  every  year,  and  when  they  do  appear  are  present  only  in  scant 
numbers  and  over  a  limited  area. 

A  careful  study  of  species,  other  than  those  here  given,  may  throw  much 
light  on  the  problem  of  general  geographical  distribution,  and  our  divid- 
ing line  is  supposed  to  be  correct  in  a  general  way,  as,  of  course,  there  can 
be  no  such  thing  as  an  exact  or  continuous  line  of  demarkation.  This 
will  of  necessity  be  more  or  less  irregular.  Ajj^in,  a  species  spreads  over 
an  area  particularly  adapted  for  its  occupancy.  But,  no  sooner  is  this 
done  than  the  individuals  along  the  frontier  begin  to  adapt  themselves  to 
an  environment  but  slightly  unfavorable,  and,  as  their  adaptation  changes, 
so  do  they  slowly  advance  outward  from  the  territory  originally  occupied. 
A  series  of  to  them  favorable  seasons  might  occasion  the  occupation  of  a 
wide  margin  of  adjoining  country,  while  a  series  of  unfavorable  seasons 
might  sweep  this  tide  of  advance  back  nearly  or  quite  to  the  place  of  its 
origin.  But,  as  the  receding  tide  of  the  ocean  leaves  many  pools  of  water 
in  the  depressions  of  rock,  so  will  there  be  left,  in  especially  favorable 
nooks,  a  few  of  the  insects  which  will  retain  their  hold  and  form  small, 
local  colonies,  of  perhaps  not  more  than  a  few  individuals,  and  the  off- 
spring of  these  will  meet  the  investigator  lon^  distances  from  the  real 
habitat  of  the  species.  There  is  scarcely  a  collector  who  does  not  know 
of  one  or  more  small,  secluded  areas,  in  his  neip:hborhood,  that  are  rich  in 
varieties,  and  which  he  seldom  visits  without  satisfaction,  and  frequently 
he  is  astonished  at  his  success.  How  long  this  ebb  and  flow  has  been 
going  on,  and  how  many  species  have  been  brought  to  us  in  this  way,  are 
problems  we  are  yet  unable  to  solve.  Therefore,  these  facta  have  been 
brought  together,  and  are  here  presented,  not  as  a  finished,  or,  indeed,  as 
an  advanced  study,  but  rather  as  a  primary  outline,  to  be  revised  and 
modified  as  our  knowledge  of  the  geographical  distribution  of  our  species 
shall  be  enlarged  by  additional  study  and  research. 
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A  N  KXTRKMK  (  A«E  OF  PARASITISM.     By  KoHERT  Hesslkk.    Published  in  Amer- 
ican Naturalist. 


a  i'artial  livst  ok  new  speries  of  parasitic  hymexoiteka  reared  in 
Indiana.  Bv  F.  M.  Weuster. 
In  the  f  allowing  list  it  is  my  intention  to  include  only  such  species  as 
were  undescribed  at  the  time  they  were  reared  by  myself  during  an  eight 
years  residence  in  the  State.  These  have  nearly  all  been  since  described 
and,  with  but  few  exceptions,  from  types  furnished  by  my  rearings.  The 
object  in  presenting  this  matter  is  to  place  it  in  a  form  convenient  for 
reference  by  the  future  investigator,  reference  in  all  cases  being  given  to 
the  original  description.  I  have  not  as  yet  been  able  to  complete  the  list 
of  those  now  described,  and  still  others  remain  to  be  described,  but  I 
hope  to  include  all  or  nearly  all  of  them  in  a  future  paper: 

1.  Bracon  agrili  Ashm.  From  larvie  of  Agniis  f uf gens  Lee.  yhuTTOYfin^ 
in  trunks  of  maple.  La  Fayette,  April  and  May.  (Proc.  U.  S.  Nat.  Mus., 
18S8,  p.  612.) 

2.  Bracon  diastaiiv  Ashm.  From  Dipterous  leaf  miner,  IHastcUa  n.  sp.  in 
com.    La  Fayette,  June  28,  188G.    (Proc.  U.  S.  Nat.  Mus.,  1888,  p.  617.) 

;J.  Bracon  phjfcidui  Riley,  MS.  From  Phycis  indiginefla  Zell.  Oxford, 
July  9,  1884. 

4.  Bracon  n.  sp.  From  Tryi^eta  gibba  Loew,  in  galls  on  Ainbro»i<i 
artemisiv^folia.    I^  Fayette,  May  3,  1889. 

•').  Bracon  n.  sp.  From  larvu'  of  Bhyasematiui  iineaficollis  Say,  in  seed 
pods  of  Awlepiiui  corymboiia.    La  Fayette,  March  29,  1889. 

Mr.  Frederick  Blanchard,  of  Lowell,  Mass.,  in  a  letter  to  me,  says  he 
has  reared  R.  lineaticollvs  from  Asclepius  in  Massachusetts,  and  that  it  is 
there  attacked  by  a  Hymenopterous  parasite. 

•>.     Dimeris  rvftpf:s  Ashm.    Host  unknown.    La  Fayette. 

7.  Rhyssnlua  lo.coten  hr  Ashm.  From  Lojcotenia  cfemtmsiana  Fern.  La 
Fayette.     (I'roc.  V,  S.  Nat.  Mus.,  1888,  p.  62\l) 

*>.  Aphidins  of*fcnripes  Ashm.  Host  unknown.  La  Fayette.  (Proc.  I'. 
S.  Nat.  Mus.,  1888,  p.  660.) 

?».  Aphidins  paUidus  Ashm.  Host  not  known.  Ia  Fayette.  (Proc.  V. 
S.  Nat.  Mus.,  1888,  p.  6<)1.) 

10.  Lysiphlt'hus  mvUinrticulatm  Ashm.  Host  some  species  of  Aphides. 
I^  Fayette.     (Proc.  U.  S.  Nat.  Mus.,  1888,  p.  604  ) 


11.  LysipMebuB  ribaphidis  Ashm.  From  Aphis  ribes  on  currant.  La 
Grangecounty,  July  12,  1886.     (Proc.  U.  S.  Nat.  Mue.,  1888,  p.  664.) 

12.  LysiphUbiu  cucurbitaphidiB  Ashm.  From  Sipltonophora  cucurhUa- 
Middleton.    La  Fayette.    (Proc.  U.  S.  Nat.  Mus.,  1888,  p.  665.)  . 

13.  LysiphUbuB  eragrostaphidifi  Ashm.  Swept  from  Eragrostis.  La  Fay- 
ette, October  4,  1885.  The  host  is  probably  Glyphinn  eragrostidu  Mid- 
dleton.    (Proc.  U.  S.  Nat.  Mus.,  1S88,  p.  6ai.) 

14.  lAfHphl  bu^  mysi  Ashm.  From  Myms  ribU  L.  La  Fayette,  See  Insect 
Life,  Vol.  3,  p.  6.     (Proc.  V.  8.  Nat.  Mus.,  1888,  p.  666.) 

15.  LysipMebus  tritici  Ashm.  Host  Aphis  mali  Fab.  La  Fayette, 
October  14,  1888.  See  Insect  Life,  Vol.  3,  p.  61.  (Proc.  U.  S.  Nat.  Mus., 
1888,  p.  668.  i 

10.  Disvretus  americanus  Ashm.  From  Siphonopliora  avensc  Fabr.  Prob- 
ably Southern  Indiana.    (Proc.  U.  S.  Nat.  Mus.,  1888,  p.  669.) 

17.  Diivretus  brunniventris  Ashm.  From  Siplionophora  avena'.  Southern 
Indiana.     (Proc.  U.  S.  Nat.  Mas.,  1888,  p.  670.) 

18.  Diivretus  websteri  Ashm.  From  Siphom>phora  averur.  Southern  In- 
diana.   (Proc.  U.  S.  Nat.  Mus.,  1888,  p.  669.) 

19.  Pachyneuron  micann  Howard.  From  Siphonophora  averur  Fab. 
Goshen.  Have  also  reared  it  at  Wooster,  Ohio,  from  Aphis  or  grass, 
probably  Aphis  mali  Fab.    (Insect  Life,  3,  p.  246.) 

20.  Mcga$pHujt  niger  Howard.  From  Siphonophora  averur  Fab.  La 
Fayette.    (Insect  Life,  3,  p.  247.) 

21.  Encyiiu»  websteri  Howard.  From  f^iphonopfiora  aveiw  Fab.  La 
Fayette.    (Insect  Life,  3,  p.  247.) 

22.  Encyrtiis  cHsiwampiv  Ashm.  From  eggs  of  Clisiocampa  disstri  Hub. 
Franklin,  Ind.    (Ohio  Agr*l.  Exp.  Sta.  Bull.  3,  Vol.  I.,  Technical  Series.) 

23.  Herpestoyniis  plulelUr  Ashm.  From  PluteUa  cruciferarum.  La  Fay- 
ette; also  at  Columbus,  Ohio.    (Proc.  U.  S.  Nat.  Mus.,  1889,  p.  396.) 

24.  Orthopelma  bimaculcUum  Ashm.  Host  not  known.  La  Fayette. 
(Proc.  U.  S.  Nat.  Mus.,  1889,  p.  416.) 

25.  Limrura  flovicincta  Ashm.  Host  not  known.  La  Fayette.  (Proc. 
IT.  S.  Nat.  Mus.,  1889,  p.  436.) 

26.  Zela  nigriceps  Riley,  MS.  From  Crambrn  zecMvs  Feni.  Cass,  Sulli- 
van county,  July  11,  1886. 

27.  Acoloides  saitidis  Howard.  From  eggs  of  spider,  Saitis  jmlex.  The 
types  were  reared  in  Nebraska  by  Prof.  Lawrence  Bruner,  but  specimens 
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were  several  years  previously  reared  by  me  at  Oxford,  October,  1884. 
See  Insect  Life,  Vol.  2,  p.  359.    (Insect  Life,  2,  p.  269.) 

28.  Merapoms  bruchivorus  Ashm.  From  Brtichus  exiguuu  Horn.  I^a 
Fayette.    (Ohio  Agr'l.  Exp.  Sta.  Bull.  3,  Vol.  I.,  Technical  Series.) 

29.  Catolnccus  tyloderm.r  Ashm.  From  Tyloderma  foveoUUum  Say.  La 
Fayette.    (Ohio  Agr'l.  Exp.  Sta.  Bull.  3,  Vol.  I.,  Technical  Series.) 

JW.  Glypta  sp.  ?  From  cocoon  on  red  cedar.  La  Fayette.  See  Insect 
Life,  Vol.  3,  p.  4^i4. 

31.  Wesmaelia  RUcyi  Ashmead.  Although  the  specimens,  six  in  num- 
ber, from  which  the  description  was  drawn,  were  in  the  Riley  collection 
and  the  species  named  in  honor  of  the  possessor,  they  were  reared  by 
me  at  Oxford,  Ind.,  July  24- August  1,  1884,  and  sent  to  the  U.  S.  Depart- 
ment of  Agriculture,  in  whose  employ  I  was  at  that  time.  These  appeared 
in  a  breeding  cage  in  which  I  was  rearing  Toxoptera  graminum,  and  aa 
there  waa  no  other  inhabitant  of  this  cage,  that  species  must  have  been 
the  host.  This  was  the  first  time  the  species  had  been  observed.  It  is 
not,  however,  a  true  Wesmaelid,  and  represents  a  rare  family  not  as  yet 
included  in  our  lists.    (Proc.  U.  S.  Nat.  Mus.,  1888,  p.  641.) 

32.  PyffoMofus  americanm  ABhmead.  (MS.)  Reared  at  LaFayette,  Ind., 
Aug.,  1889,  from  wheat  stubble.  As  this  stubble  was  infested  by  the  Hes- 
sian fly  and  its  various  parasites,  including  Eupelmus  attynii  French,  and 
as  I  also  reared  from  the  same  lot  of  stubble,  Acoloides  howardii  Ashmead, 
a  spider  parasite,  Labeii  hyphlocyhn-  Ashmead,  Encyrtus  tarsalis  Ashmead, 
an  undetermined  species  of  Batf/inus  and  a  Homoporus  sp.,  it  is  useless  to 
theorize  in  regard  to  which  of  these  might  have  been  the  host. 

33.  Enc;/jiuH  tartalU  ABhmesn\.  (MS.)  This  was  reared  with  the  pre- 
ceding, and  also  at  LaPorte,  Ind. 

34.  Enc !f rtu8  brunnipfmnis  Ashiaead.  (MS.)  Reared  from  wheat  stubble 
from  LaPorte,  Ind.,  August,  IS89. 

3o.  Atehopt^rus  tarsalis  Ashmead.  Reared  at  LaFayette,  Ind.,  from  Sil- 
vanus  8urinamen»is,  infesting  stored  grain.  This  had  previously  been  reared 
at  Washington,  D.  (/..  by  Mr.  Ashmead,  from  the  same  insect  infesting 
raisins.     (Bull.  V.  S.  Nat.  Mas.,  No.  45,  p.  45,  1S93.) 

M.  Cacus  acanthi  Riley,  Nov.  Gen.,  et.  sp.  Reared  from  the  eggs  of 
CEcanthus  nireug  at  LaFayette,  Ind.  This  species  is  the  type  of  the  genus, 
and  the  only  one  whose  parasitism  is  known.  (Bull.  V.  S.  Nat.  Mus., 
No.  45.,  pp.  •J2:;-4,  1893.) 

PlaiygaMer  error  Fitch.     Reared  June  14,   1S84,  at  Oxford,  Ind.,  from 
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larvee  of  IHpUmstritici,  The  original  deacriber  was  in  doabtas  to  whether 
this  was  really  a  parasite  of  this  species,  the  wheat  midge,  or  not.  Re- 
described  by  Mr.  Ashmead  from  specimens  reared  by  myself  as  above. 
(Bull.  TJ.  S.  Nat.  MuB.,  No.  45,  p.  291,  1893.) 


A   MITK,   l'R01i.\BLY    IIYl»ODERAS    COLIMH.K,  I'ARASITK'    IN    THK    I'KJKOX.       By  AV 

W.  Norman. 


The  L(m  rsTiD.K  ok  1nj)iana.    By  W.  fc>.  Blatciiley,  Terre  Haute,  Indiana. 

The  order  of  insects  known  as  the  Orthoptera  comprises  seven  families, 
three  of  which  are  alike  in  having  the  posterior  femora  more  or  less  en- 
larged for  leaping;  the  three  being  therefore  classed  together  in  a  sub- 
order called  the  SalJcUoriaj  or  jumpers. 

In  the  present  paper  we  have  to  deal  with  that  family  of  this  sub-order 
known  as  the  Locustidtr,  which  comprises  those  insects  commonly  called 
katydids,  green  grasshoppers,  and  stone  or  camel  crickets. 

The  distinguishing  characters  of  the  members  of  the  fa,piily  Locustuh 
are  the  long,  slender,  tapering,  many- jointed  antenna*;  the  almost  uni- 
versal absence  of  ocelli  or  simple  eyes;  the  four  jointed*  tarei  or  feet; 
and  the  ensiform  or  falcate  ovipositor  of  the  females  which  is  made  of  four 
flattened  plates;  the  males  having,  in  many  instances,  abdominal  ap- 
pendages corresponding  to  the  parts  of  the  ovipositor,  which  are  used  as 
clasping  organs.  The  tegmina  or  wing  covers,  when  present,  slope  obliquely 
downwards,  instead  of  being  bent  abruptly,  as  in  the  Gi^ylli^iv ;  and  in 
most  cases  the  wings  are  longer  than  the  tegmina. 

The  stridulating  or  musical  organ  of  the  males  is  quite  similar  in  struc- 
ture to  that  of  the  male  cricket,  being  found  at  the  base  of  the  overlap- 
ping dorsal  surface  of  the  tegmina  and  usually  consisting  of  a  transparent 
membrane,  of  a  more  or  less  rounded  form,  which  is  crossed  by  a  promi- 
nent curved  vein,  which  on  the  under  side  bears  a  single  row  of  minute 
file  like  teeth.  In  stridulating  the  wing  covers  are  moved  apart  and  then 
shuffled  together  again  when  these  teeth  are  rubbed  over  a  vein  on  the 

^  The  members  of  the  genus  Daihinia,  no  one  of  whicli  occurs  In  Indiana,  have  the 
fore  and  hind  UirsI  three-jointed. 
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upper  surface  of  the  other  wing  cover,  producing  the  familiar,  so  called 
**  katydid  "  sound.  Each  of  the  different  species  makes  a  distinct  call  or 
note  of  its  own,  and  mauy  of  them  have  two  calls,  one  which  they  use  by 
night  and  the  other  by  day.  Any  one  who  will  pay  close]  attention  to 
these  different  calls  can  soon  learn  to  distinguish  each  species  by  its  note 
as  readily  as  the  ornithologist  can  recognize  different  species  of  birds  in 
the  same  manner.  The  ear  of  these  insects,  when  present,  is  also  similar 
in  structure  and  position  to  that  of  the  cricket's,  being  an  oblong  or  oval 
cavity  covered  with  a  transparent  or  whitish  membrane,  and  situated  near 
the  basal  end  of  the  front  tibia?. 

The  young  of  LociistidiVy  like  those  of  the  other  families  of  the  order, 
when  hatched  from  the  egg  resemble  the  adults  in  form  but  are  wholly 
wingless.  As  they  increase  in  size  they  moult  or  shed  the  skin  five  times, 
the  wings  each  time  becoming  more  apparent,  until  after  the  fifth  moult 
when  they  appear  fully  developed,  and  the  insect  is  mature,  or  tull  grown, 
never  increasing  in  size  thereafter.  Throughout  their  entire  lives  they 
are  active,  greedy  feeders,  mostly  herbivorous  in  habit ;  and  where  pres- 
ent in  numbers  necessarily  do  much  harm  to  growing  vegetation. 

Among  the  families  of  Orthoptera  the  LocusticUe  take  a  rank  second  only 
to  the  Gryllidiv.  The  high  specialization  of  the  ovipositor  of  the  female 
and  the  perfection  of  structure  of  the  stridulating  organ  of  the  male  place 
these  two  families  above  all  others  in  the  scale  of  Orthopteron  life.  That 
the  two  are  very  closely  related  can  be  readily  seen  by  any  one  who  will 
carefully  compare  them,  organ  with  organ.  The  GryllicUe  are  placed  first, 
however,  by  most  entomologists,  as  the  great  variety  of  form  of  almost 
any  given  oigan  among  them,  when  compared  with  its  relative  uniformity 
of  structure  among  the  Locw^UhCj  seems  to  indicate  the  higher  rank  of  the 
former.* 

In  the  number  of  species  in  any  given  locality  the  Locustidiv  far  outrank 
the  Gryllidiif  being  excelled  in  this  respect  among  the  other  Orthopteron 
families  only  by  the  Acrididiv  or  locusts.  In  Indiana  thirty-nine  species 
of  LocuMidie  are  known  to  occur  and  are  listed  in  the  present  paper,  speci- 
mens of  all  being  in  my  private  collection.  This  is  eleven  more  than  are 
known  in  any  other  state  from  which  lists  have  been  published ;  McNeill 
having  listed  twenty-seven  from  Illinois;  Smith,  twenty-eight  from  New 
Jersey ;  Odborne,  twenty- four  from  Iowa,  and  Femald  sixteen  from  all  New 
England. 


^  Scudder,  Proc.  Bost.  Soc.  Nat.  Hist..  XII.,  1868,  233. 
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Undoubtedly  other  epecies  bccur  in  Indiana,  especially  in  the  southern 
half  of  the  state,  but  having  had  to  rely  almost  wholly  upon  my  own  col- 
lecting, which  has  been  done  in  Putnam,  Vigo,  Montgomery,  Wabash, 
Marshall  and  Fulton  counties,  the  eastern  and  southern  partH  of  the  state 
are  wholly  unrepresented  in  the  list.  Three  persons,  Prof.  K.  £.  Slick,  of 
Michigan  City;  Prof.  W.  P.  Hay,  formerly  of  Irvington,  and  Mr.  W.  A. 
Riley,  of  Greencastle,  have  sent  me  small  collections  from  their  respective 
localities  which  have  aided  me  much  in  recording  the  distribution  of  cer- 
tain species. 

To  Mr.  S.  II.  Scudder,  of  Cambridge,  Mass.,  I  am  indebted  for  the  loan 
of  typical  specimens  of  the  genus  Ceuihophiius  for  comparison ;  and  to  Prof. 
Lawrence  Bruner,  of  Lincoln,  Nebraska,  for  aid  in  identifying  and  verifying 
certain  species.  Prof.  Bruner  also  furnished  me  some  valuable  notes  con- 
cerning the  general  distribution  of  a  number  of  the  species,  which  are  in- 
corporated under  their  respective  species  in  the  list  below. 

The  descriptions  of  such  species  of  Jxxnistidiv  as  occur  in  the  eastern 
United  States  are  scattered  through  many  scientific  books  and  papera 
which  are  for  the  most  part  inaccessible  to  beginners  in  entomology.  I 
have  thought  it  best,  therefore,  to  prepare  a  synopsis  of  the  sub-families 
and  of  the  genera  under  each  sub>family,  which  are  represented  in  the 
state.  A  short  description  of  each  species,  with  such  notes  concerning  its 
distribution,  food,  habits,  and  comparative  abundance,  as  have  been  gath- 
ered during  my  collecting,  is  also  given,  together  with  a  synonymy  of  the 
species,  as  far  as  obtainable  from  the  works  at  hand. 

The  following  is  a  bibliography  of  authors  and  works  to  which  reference 
is  made  in  this  synonymy: 

Bruner,  Lawrence. — First  Contribution  to  a  Knowledge  of  the  Orthop- 
tera  of  Kansas.  (Bulletin  of  the  Washburne  College  Laboratory  of  Nat- 
ural History,  Volume  I.,  No.  4.,  1885.)  Second  Contribution  to  a  Knowl- 
edge of  the  Orthoptera  of  Kansas.  (Loc.  cit..  Vol.  I.,  No.  7,  188().)  Ten 
New  Species  of  Orthoptera  from  Nebraska.  (Canadian  lOntomologist, 
XXIIL,  1891.) 

Brunner,  C.  von  Wattenwyl. — Monographic  der  Phaneropterideu.  (Ver- 
handlungen  der  K.  K.  Zoologisch-botanischen  Gesellschaft  in  Wien,  1878.) 
Monographic  der  Stenopelmat'den  und  Gryllacriden.   (Loc.  ct/.,  188K.) 

Burmeister,  Hermann. — Handbuch  der  Entomologie,  IT.,  18:58. 

Comstock,  J.  H. — Report  of  U.  S.  Entomologist.  (I'.  S.  Agricultural  Re- 
port, 1880.)    An  Introduction  to  Entomology,  I.,  1888. 
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Davis,  W.  T.— The  Song  of  Thyreonotue.  (Canadian  Entomologist,  XXV., 
1893.) 

Fernald,  C.  H.--The  Orthoptera  of  New  England,  1888. 

Harris,  Dr.  T.  W.— A  Treatise  on  Some  Insects  Injurious  to  Vegetation. 
Third  edition,  1862. 

McNeill,  Jerome.— A  List  of  the  Orthoptera  of  Illinois.  (P8yche,VI.,  1891.) 

Osbom,  Herbert.— On  the  Orthopterous  Fauna  of  Iowa.  (Proceedings 
of  the  Iowa  Academy  of  Science,  I.,  Part  II.,  1892.) 

Packard,  A.  S.,  Jan.— (iuide  to  the  Study  of  Insects.  Eighth  edition, 
1883. 

Rathvon,  S.  S.-  In  the  U.  S.  Agricultural  Report,  1862. 
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A  SYXOI»8IS  OF  THE  SUB  FAMILIES  OF  LOCTSTID.E  FOINU  IN  INDIANA. 

a.    Tegmina  and  wings  present. 
h.    Prosternal  spines  absent;  vertex  rounded  or  deflexed 
without  spine,  tubercle  or  cone;    tegmina  always 

shorter  than  the  wings Phaneroiterin.*:.      p.  97 

bb.    Prosternal  epines  present ;  vertex  either  terminating  in 
a  sharp  flat  spine  or  produced  upwards  and  forwards 
in  a  rounded  tubercle  or  prominent  cone, 
c.    Wing  covers  leaf  like,  broadly  expanded  in  the  mid- 
dle, concave  within,  longer  than  the  wings ;  vertex 
terminating  in  a  sharp  flat  spine  .   •   .  PsErDoriiYLhiN.ic.    p.  109 
a\    Wing  covers  uarrotr,  not  expanded  in  the  middle, 
of  en  shorter  than  the  wings ;  vertex  terminating  in 
a  rounded  tubercle  or  prominent  cone  .  Conockimialin.*:.    p.  1  U 
aa.    Tegmina  and  wings  absent,  or  the  former  rudimentary. 
</.    Pronotum  short,  not  covering  the  whole  top  of  the 

thorax ;  prosternal  spines  absent    .   .  Stenopelmatin.^:.    p.  140 
(id.    Pronotum  extending  back  to  the  abdomen ;  proster- 
nal spines  present Decticidin*:.    p.  149 
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TX)('i:STID.E. 
PlIANKROPTERIX.K. 

The  species  of  this  sub-family  are  among  the  largest  of  our  Locustida*, 
and,  with  those  of  the  next,  are  commonly  known  as  "  Katydids,'*  The 
apex  of  the  head  is  obtuse  or  rounded,  without  cone  or  spine,  and  the 
prosternum  is  unarmed.  The  winjc  covers  are  shorter  .than  the  winj^s, 
usually  expanded  in  the  middle,  and  of  a  bright,  uniform  green  color.  The 
wings  are  folded  like  a  fan  and  are  long  and  strong,  the  insects  being  fly- 
ers rather  than  leapers.  The  hind  limbs,  being  seldom  used  except  to 
give  themselves  an  upward  impetus  at  the  beginning  of  flight,  while  long 
and  slender,  are  proportionally  much  smaller  in  diameter  than  in  the 
sub-family  ConocephalituCy  whose  members  leap  rather  than  fly. 

The  *'  Katydids ''  are  the  most  arboreal  of  all  the  Tjocustida*,  the  great 
majority  of  them  passing  their  entire  lives  on  shrubs  and  trees  where 
they  feed  upon  the  leaves  and  tender  twigs,  and  when  present  in  num- 
bers often  do  excessive  injury.  The  color  and  form  of  their  wings  serve 
admirably  to  protect  them  against  their  wornt  foes,  the  birds ;  and  as  they 
live  a  solitary  life,  /.  e.j  do  not  flock  to<rether  in  numbers  as  do  the  green 
grasshoppers,  they  are  but  seldom  noticed  by  man.  Their  love  calls,  or 
songs,  however,  make  the  welkin  ring  at  night  from  mid-August  until 
after  heavy  frost,  and  though  but  one  or  two  of  the  eight  species  found 
in  the  State  make  a  note  in  any  way  resembling  the  syllables  "  Katy  did, 
she  did,"  yet  all  are  accredited  with  this  sound  by  the  casual  observer, 
and  hence  the  common  name  usually  given  to  the  members  of  this  sub- 
family. Their  call  is  seldom  made  by  day  for  the  obvious  reason  that  it 
might  attrfict  the  attention  of  the  birds  and  so  lead  to  the  destruction  of 
the  songster.  As  twilight  approaches,  however,  the  male  of  each  species 
begins  his  peculiar  note  which  is  kept  up  with  little  or  no  intermission 
until  the  approach  of  day  warns  him  that  his  feathered  enemies  will  soon 
be  on  the  alert,  and  that  silence  will  be,  for  a  time,  the  best  policy  to 
pursue. 

From  the  other  Ix)custidio,  the  Katydids  differ  widely  in  their  habits  of 
oviposition,  the  eggs  not  being  deposited  in  the  earth  or  in  twigs,  but  are 
usually  glued  fast  in  double  rows  to  the  outer  surface  of  slender  twigs  or 
on  the  edges  of  leaves.  The  eggs  of  the  most  common  species  appear  like 
small  flattened  hemp  seeds,  and  usually  overlap  one  another  in  the  row  in 
which  they  are  placed.  On  account  of  this  method  of  oviposition,  the 
ovipositors  of  the  "  Katydids  *'  are  broader,  more  curved,  and  more  obtuse 
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at  the  end  than  in  the  other  sub-families  whose  members  oviposit  in  the 
earth  or  in  stems  of  grass.  This  sub-family  is  represented  in  Indiana,  so 
far  as  known,  by  three  genera  and  eight  species. 

Kky  to  Genera  of  Pjianeroiterix.e. 
a.    Wing  covers  of  equal  breadth  throughout ;   supra-anal 
plate  of  male  with  a  long  de(;urved  spine  which  is 

notched  at  the  end I.    Scudderi a. 

aa.    Wing  covers  widest  in  the  middle ;  supra-anal  plate 
of  male  not  as  above. 
6.    Hind  femora  but  little  if  any  shorter  than  wing 
covers ;  ovipositor  well  developed,  curved  grad- 
ually upwards II.    Amhlycokypha. 

hb.  Hind  femora  much  shorter  than  wing  covers; 
ovipositor  very  short,  turned  abruptly  up- 
wards   III.     MURWEXTRIM. 

I.  Scudderi  a,  Stiil  (1873). 
This  genus  includes  Katydids  of  medium  size,  with  the  wing  covers 
long,  narrow,  of  nearly  equal  width  throughout,  and  rounded  at  the  ends. 
The  vertex  is  deflexed,  compressed,  and  hollowed  out  on  either  side  for 
the  better  accomodation  of  the  eyes,  which  are  nearly  hemispherical. 
The  hind  femora  are  long  and  slender,  almost  equalling  the  length  of  the 
wing  covers  in  some  of  the  species.  The  ovipositor  is  short,  broad,  curved 
sharply  upwards,  and  has  the  apical  third  finely  crenate  on  both  margins. 
The  males  are  readily  distinguished  from  those  of  other  genera  by  having 
both  anal  plates  projected  into  long  curved  processes;  the  one  from  the 
supra- anal  plate  curving  downwards  and  notched  or  forked  at  the  end, 
that  from  the  sub-anal  curving  upwards,  and  likewise  notched.  The 
form  of  these  processes,  together  with  that  of  the  notches  serve  as  valu- 
able characters  in  distinguishing  the  species.  Six  species  have  been 
described  from  the  United  States,  four  of  which  occur  in  Indiana. 

a.    Length  of  posterior  femora  28  or  more  mm.*'* 
b.    Notch  of  supra-anal  spine  of  male  square  with  a  slight  median 
tooth,  almost  as  wide  as  the  middle  of  the  upturned  sub-anal 
spine ;  the  lateral  processes  slender  and  compressed. 


"'Note.— The  measurements  in  this  paper  are  given  in  millimeters,  an  inch  being 
equal  to  very  nearly  twenty-flve  millimeters.  The  measurements  given  are,  when  pos- 
sible, the  average  of  a  number  of  specimens,  and  the  "  length  of  body  "  does  not  in- 
clude the  !?exuul  appendages  of  male  nor  the  ovipositor  of  female. 
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1.    ScrDDERiA  crRvicAUDA,  (DeGcer.)* 

**  LocuMa  curvicauda,  DeGeer,  Mem.,  III.,  1773,  446,  PL  38,  fig.  3.'* 

Phaneroptera  ciirvicauda,  Burmeister,  Handbuch  der  Ent.,  11.,  1838,1)90. 

Scudder,  Boat.  Journ.  Nat.  Hist,  VII.,  LS62,  448. 

(In  part.) 
Uhler,  in    Harris'  Ina.  Inj.  to  Veg.,  1862,  161. 

(Note.— In  part.) 
Scudderia  curvicauda,  Brunner,  Monogr.  der  Phanerop.,  1878. 

Riley,  Stand.  Nat.  Hist.,  IL,  1884, 191. 
Comstock,  Int.  to  Ent.,  I.,  1888,  118. 
Fernald,  Orth.  N.  Eng.,  1888,  22.    (In  part.) 
McNeill,  Psyche,  VI.,  1891,  21.    (Song  of.) 
Scudder,  Rep.  Ent.  Soc.  Ont.,  XXIII.,  1892,  68. 

(Song  of.) 
Smith.  Bull.  Ag.  Exp.  t^tat.  of  N.  .1.,  No.  90,  1892, 

24. 
Phaneroptera  aepUntriokaliSj  Serville,  Hist.  Nat.  des  Orth.,  1839.,  416. 

Tegmina,  wings  and  legs  bright  grass  green ;  body  and  face  somewhat 
paler,  approaching  a  whitish  in  dried  specimens.  Lateral  carina^  of  the 
pronotum  with  a  yellowish  line.  Posterior  femora  very  slender,  armed 
beneath  on  inner  carina  with  three  or  four  minute  spines. 

Measurements:  Male— Length  of  body,  22  mm.;  of  tegmina,  37.0  mm.; 
of  wings  beyond  the  tegmina,  6  mm.;  of  posterior  femora,  30  mm.;  of 
pronotum,  6.5  mm.  Female— I>ength  of  body  25  mm.;  of  posterior  femora, 
32  mm.;  of  ovipositor,  7  mm.     Width  of  tegmina,  6.5  mm. 

Cunncauda  is  a  common  insect  in  the  central  and  southern  half  of  In- 
diana, but  northward  seems  to  be  replaced  by  S.  furculata.  The  former  is 
probably  less  arboreal  than  any  other  species  of  Katydid,  as  it  is  often 
found  clinging  to  the  tall,  coarse  gra^ises  and  sedges  which  grow  near  the 
borders  of  ponds  and  in  damp  ravines,  and  to  the  coarse  weeds  along  the 
margioB  of  prairies  and  meadows.  When  approached  it  flies  readily  in  a 
zigzag,  noiseless  manner  for  a  long  distance  to  another  clump  of  grass  or 
weeds,  or  to  the  lower  branches  of  an  oak,  a  tree  in  which  it  delights  to 
dwell. 

The  eggs  are  laid  in  the  margins  of  leaves  between  the  upper  and  lower 

epidermis,  and  are  so  thin  that  they  are  not  noticeable  except  when  the 

leaf  is  held  between  one's  self  and  the  light.    Of  the  song  or  note  made 

by  the  male  of  curt*iV:a?u2a  McNeill  (loc,  cii.)  says:    "The  note  cannot  be 

''•'Wben  the  author  of  a  species  referred  it  to  a  different  genua  from  that  in  which  it  is 
now  included,  his  mime  is  put  in  parenthesis. 
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sapposed  to  represent  more  than  the  first  two  syllables  of  the  ^  Katy  did ' 
or '  Katy  didn't '  of  its  congeners.  It  is  made  but  once,  and  the  rasp- 
ing, jerky  sound  has  been  very  well  represented  aa  btrwU' 

Ourvicauda  is  a  species  of  wide  distribution,  occurring  throughout  the 
eastern  United  States,  and  as  far  west  as  the  Rocky  Mountains.  In  Cen- 
tral Indiana  it  reaches  maturity  about  the  2oth  of  July. 

bb.  Notch  of  supra-anal  spine  of  male  acute  and  much  narrower  than 
the  middle  of  the  upcurved  sub-anal  spine ;  the  lateral  processes 
(at  side  of  notch)  broadly  rounded  with  the  lower  margin  thinner. 

2.    ScuDDERiA  Kt'RcuLATA,  Brunncr. 

Scudderia  furcuI<Uaf  Brunner,  Monog.  der  Phanerop.,  1878. 

Smith,  Cat.,  Insects  found  in  X.  J.,  1890,  410. 
Id.,  Bull.  Agr.  Exp.  Stat,  of  N.  J.,  No.  90,  24,  pi. 
II.,  Fig.  4. 

Somewhat  larger  than  curvicauda  and  closely  resembling  that  species  in 
general  appearance,  the  females  of  the  two  beiBg  difficult  to  distinguish 
except  by  the  measurements ;  the  males  readily  separated  by  the  different 
form  of  the  notch  of  the  supra-anal  spine.  The  general  color  is  the  same, 
but  the  yellow  carinal  line  of  the  pronotum  is  less  distinct  or  wholly 
wanting  in  furadaiay  and  the  apical  third  of  wings  is  usually  a  transpar- 
ent reddish  thrown.  The  wing  covers  of  the  latter  are  broader  and  the 
posterior  femora  proportionally  a  little  shorter. 

Measurements :  Male— Length  of  body,  23  mm.;  of  tegmina,  37.5  mm., 
of  posterior  femora,  30  mm.;  of  pronotum,  6  mm.  Width  of  tegmina  8 
mm.  Female — Length  of  body,  25  mm.;  of  tegmina,  38  mm  ;  of  posterior 
femora,  33  mm.;  of  ovipositor,  7  mm.    Width  of  tegmina,  8.5  mm. 

According  to  Bruner*  furciilata  is  usually  more  southern  in  its  distri- 
bution than  curvieaiida,  but  in  Indiana  this  distribution  seems  reversed, 
as  the  latter  is  much  the  more  common  in  V^igo  and  Putnam  counties, 
while  in  Marshall  and  Fulton  counties,  150  miles  further  north,  it  is  very 
scarce  and  furadata  very  common.  A  single  male  was  taken  from  an 
oak  grove  on  the  border  of  Lake  Maxinkuckee  in  Marshall  county,  on 
August  1st,  and  on  the  2()th  of  the  same  month  it  was  found  in  numbers 
at  the  same  place,  and  also  about  the  borders  of  a  large  tamarack  swamp 
in  Fulton  county.  Its  habits  of  flight  and  song,  as  far  as  noted,  are  essen- 
tially the  same  as  those  of  curvicauda^  noted  above. 


'•Mas.  Notes. 
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In  Now  Jersey,  according  to  Smith  (loc.  cit.)y  furculataiB  very  common  on 
cranberry  bogs,  and  destroys  many  of  the  berries.  It  will  probably  be 
found  to  occur  throughout  Indiana  near  the  borders  of  the  larger  ponds, 
lakes  and  marshes. 

aa.    Length  of  posterior  femora  22  or  23  mm. 

3.    JSciDDKRiA  Fiitc'ATA,  Bruuner.    The  Fork-tailed  Katydid. 
Scuddtrin  furcatay  Brunner,  Monog.  der  Phanerop.,  1878. 

Bruner,  Bull.  Washb.  Coll.  Lab.  Nat.  Hist.,  L, 

1885,  127. 
McNeill,  Psyche,  VI.,  1891,  21. 
Smith,  Bull.  Agr.  Exp.  Stat,  of  N.  J.,  No.  90, 1892, 
31. 
Pluineroptera  curvicauda,  Riley.  Sixth  Rep.  St.  Knt.  Mo.,  1874, 164,  fig. 

51 .  ( Text  in  part.  Not  fig.  50. ) 
This  is  one  <of  the  smallest,  and  at  the  same  time,  our  most  common 
species  of  the  genus.  The  general  color  is  a  dark  leaf  green,  the  head  and 
pronotum  paler;  the  latter  without  trace  of  yellow  on  its  carina?.  The 
anterior  margin  of  the  pronotum  is  but  slightly  narrower  than  the  pos- 
terior, whereas  in  the  two  preceding  species  the  difierence  in  width  is 
plainly  perceptible.  The  notch  of  the  supra-anal  spine  of  the  male  is 
deep  and  rounded,  forming  a  curious  fork-like  appendage,  the  lateral  pro- 
cesses of  which  are  much  swollen. 

Mea.^iurements:  Male— Length  of  body,  16  mm.;  of  tegmina,  31  mm.; 
of  posteria  femora,  23  mm.:  of  pronotum,  5  mm.  Width  of  tegmina,  6 
mm.  Female — Length  of  body,  20  mm.,  of  tegmina,  30  mm.;  of  posterior 
femora,  22  mm.;  of  ovipositor,  5  mm. 

In  Central  and  Southern  Indiana  the  Fork-tailed  Katydid  is  most  fre- 
quently seen  on  the  low  bushes  and  trees  about  the  margin  of  thickets 
and  along  fence  rows,  but  in  the  prairie  country  north  it  frequents  coarse 
grasses  and  weeds  in  company  with  the  preceding  species.    Its  fiight  is 
noisless  and  seemingly  without  direction,  and  is  not  so  prolonged  as  that 
of  S.  (^rvicauda.     Dr.  C.  V.  Riley  {loc.  cit.)  gives  the  following  account  of 
the  egg  laying  habits  olf areata :  **  The  female  stations  herself  firmly  by  the 
middle  and  hind  legs  on  twigs  or  leaves  contiguous  to  the  one  selected  to 
receive  the  eggs.    This  leaf  is  then  grasped  by  the  front  feet  and  held  in 
a  vertical  position,  while  the  edge  is  slightly  gnawed  or  pared  off  by  the 
ja  ws  to  facilitate  the  entrance  of  the  point  of  the  o  vipositor.    When  thi 
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is  done  the  abdomen  is  carved  under  and  brought  forward,  and  the  ovi- 
positor is  seized  on  its  convex  edge  by  the  mandibles  andmaxillfe,  which, 
with  the  aid  of  the  palpi,  guide  the  point  to  that  portion  of  the  leaf  pre- 
pared to  receive  it.  After  gentle,  but  repeated  efforts,  the  point  of  the 
instrument  is  finally  inserted  between  the  tissues  of  the  leaf,  and  gradu- 
ally pushed  in  to  more  than  half  its  length.  As  soon  as  the  cavity  is 
formed,  the  egg  is  extruded,  and  passed  slowly  between  the  semi-trans- 
parent blades  of  the  ovipositor.  As  the  egg  leaves  the  ovipositor  the  latter 
is  gradually  withdrawn,  while  the  egg  remains  in  the  leaf,  retained  in  its 
place,  probably,  by  a  viscid  fluid  that  is  exuded  with  it.  As  many  as 
five  of  the  eggs  are  sometimes  deposited  in  one  row  in  the  same  leaf  but 
more  often  they  are  single.'' 

This  is  the  most  common  species  of  the  genus,  in  the  United  States,  and 
is  quite  widely  distributed  over  the  country  from  the  Atlantic  to  the  Pa- 
cific. In  Indiana  it  has  been  found  in  numbers  in  every  county  in  which 
collections  have  been  made.  The  first  mature  specimens  appear  about 
August  5th  but  it  does  not  become  plentiful  before  the  middle  of  the 
month. 

aaa.    Length  of  posterior  femora  less  than  20  mm. 

4.  ScuDDERiA  ANorsTiFOLfA  (Harris).  The  Narrow- winged  Katydid. 
Phaneroptera  anguxtifoLia  Harris'  Ins.  Inj.  to  Veg.,  1862,  161,  fig.  76. 
Scudderia  angugtifolla,  Brunner,  Monog.  der  Phanerop.  1878. 

Smith,  Cat.  Ins.  N.J,,  1890,  410. 
Scudder,  Kep.  Ent.  8oc.  Oat.  XXIII.,  1892.  (Note 
of  set  to  music.) 
Phaneroptera  curvicaucUif  Uhler  in  Harris'  Ins.  Inj.  to  Veg.,  1S62,  161. 

(Note.    In  part.) 
Scudder,  Bo8t.  Journ.  Nat  Hist.,  VII.,  1862,  448. 

(In  part.) 
Id.,  Am.  Nat.  II.,  1868, 117.  (Song  of.) 
Id.^  Distrib.  Ins.  N.  Ilamp.,  1874,  366.     (Son^r  of 

set  to  music.) 
Riley,  Sixth  Rep.  St.  Ent.  Mo.  1874,  164,  fig.  50. 
(Not  text  nor  fig.  51.) 
Scudderia  curvimnda  Fernald,  Orth.  N.  Eng.,  1888,  22.     (In  part.) 

{Sot  Scudderui  t^rvicauda),  (DeGeer.) 
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This  Katydid  occurs  in  abundance  in  New  England  and  the  Middle  At- 
lantic states,  and  in  the  past  has  been  confounded  by  many  writers  both 
with  S,  curvicauda  and  with  S.  furcata.  In  size,  general  appearance  and 
structure  of  anal  spines  of  male  it  is  very  similar  to  furcafa^  but  may 
readily  be  known  by  its  shorter  posterior  femora,  and  by  its  narrower 
wing  (covers. 

Measurements :  Male — Length  of  body,  14  mm.,  of  tegmina,  26  mm.; 
of  posterior  femora,  19  mm.;  of  pronotum,  4  mm.  Width  of  tegmina,  5 
mm.  Female — Length  of  body,  JO  mm.;  of  tegmina,  25  mm.;  of  ovipos- 
itor, 5.5  mm. 

The  male  of  angustifolia  is  our  smallest  member  of  the  genus.  In  Indi- 
ana it  is  known  only  from  Fulton  county,  several  specimens  of  both  sexes 
having  been  taken  on  October  7th,  from  the  borders  of  a  peat  bog  in  a 
tamarack  swamp,  near  Kewanna.  This,  as  far  as  known,  is  its  iirst  record 
west  of  New  Jersey.  It  will  probably  be  found  to  occur  only  about  the 
bogs  and  swamps  of  the  northern  half  of  the  State. 

Mr.  S.  H.  Scudder,  who  has  studied  carefully  the  songs  of  many  species 
of  Orthoptera  and  has  even  set  a  number  of  them,  including  that  of  anguH- 
tifdia,  to  music,  has  given  a  pleasing  account  of  its  song^  from  which  I  give 
the  following  extract:  "It  is  more  noisy  by  night  than  by  day;  and 
the  songs  differ  considerably  at  these  two  times.  The  day  song  is  given 
only  during  sunshine,  the  other  by  night  and  in  cloudy  weather.  I  first 
noticed  this  while  watching  one  of  the  little  creatures  close  beside  me ;  as 
a  cloud  passed  over  the  sun  he  suddenly  changed  his  note  to  one  with 
which  I  was  already  familiar,  but  without  knowing  to  what  insect  it  be- 
longed. At  the  same  time  all  the  individuals  around  me,  whose  similar 
day  song  I  had  heard,  began  to  respond  with  the  night  cry ;  the  cloud 
passed  away,  and  the  original  note  was  resumed  on  all  sides.  Judging 
that  they  preferred  the  night  song  to  that  of  the  day,  from  their  increased 
stridulation  during  the  former  period,  I  imitated  the  night  song  during 
sunshine,  and  obtained  an  immediate  response  in  the  same  language.  The 
experiment  proved  that  the  insects  could  hear  as  well  as  sing.  »  »  ^^ 
The  note  by  day  is  6  r  r  in  i  and  lasts  for  one-third  of  a  second.  The  night 
song  consists  of  a  repetition,  ordinarily  eight  times,  of  a  note  which  sounds 
like  t  c  h  h:  It  is  repeated  at  the  rate  of  five  times  in  three  quarters  of  a 
second,  making  each  note  half  the  length  of  the  day  note.'' 

'^Distribution  of  Insects  in  New  Hampshire,  1H7I,  :W». 
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TI.     Ambi.ycoryi'iia,  Stiil  (1873.) 

Size  medium ;  wing  covers  slightly  expanded  in  the  middle,  regularly 
rounded  at  the  ends,  a  little  shorter  than,  or  but  slightly  exceeding,  the 
posterior  femora;  vertex  broad,  deflexed  but  not  compressed,  without 
spines;  eyes  elliptical ;  stridulating  organ  of  male,  brownish,  opaque,  trav- 
ersed by  a  strong  green  cross  vein ;  ovipositor  broad,  of  medium  length, 
curved  gradually  upwards  from  the  middle,  obtuse  or  rounded  at  the  end, 
and  with  the  apical  half  sharply  and  strongly  serrate  on  both  edges;  anal 
plates  of  male  not  prolonged. 

Seven  species  of  this  genus,  which  is  confined  to  North  America,  have 
been  described  from  the  United  States.  Of  these,  three  have  been  found 
in  Indiana. 

a.     Tegmina  about  37  mm.  in  length;  exceeding  the  tip  of  posterior 
femora. 

5.     Amiu.ycoryi'ha    orloncwfolia,   (DeGeer.)     The  Oblong   Leaf-winged 
Katv-did. 
Locusta  ohlcmgifoLia,  DeGeer,  "  Mem.,  III.,  1873,  445,  pi.  38,  fig.  2." 
Phylloptera  dbloiigifdia,  Burmeister,  Handbuch  der  Ent.,  II.,  1838,  693. 

Harris,  Ins.  Inj.  to  \eg.,  1862,  159.  (Text  only.) 
Scudder,  Bost.  Journ.  Nat.  Hist.,  VII.,  1862, 444. 
Id.,  Distb.  Ins.  in  N.  Hamp.,  1874,  366. 
Id.,  Am.  Encyc.  Ed.,  1881,VIII.,  170.(Text  only.) 
Rathvon,  U.  S.  Agr.  Rep.,  1862,  382. 
Thomas,  Trans.  111.  St.  Agr.  Soc,  V.,  1865,  445. 
Ainbhicori/pha  oUongifolia^  Riley,  Stand.  Nat.  Hist.,  II.,  1884,  188. 

Bruner,  Bull.  Washb.  Coll.  Lab.  Nat.  Hist., 

I.,  1886,  195. 
Comstock,  Int.  to  Entom.,  I.,  1888,  116. 
Fernald,  Orth.  N.  Eng.,  1888,  21. 
McNeill,  Psyche,  VI.,  1891,  21. 
Scudder,  Rep.  Ent.  Soc.  Ont.,  XXIIL,  1892, 
68.  1  Song  of.) 
The  largest  of  the  three  species  occurring  in  the  state,  measuring  about 
45  mm.  to  the  end  of  the  wing  covers,  which  are  3.3  times  as  long  as  wide. 
Wings  exceeding  the  wing  covers  by  6.5  mm.    Anterior  margin  of  prono- 
tum  much  narrower  than  the  posterior,  the  lateral  carina^  sharply  defined. 
Inner,  lower  carina  of  posterior  femora  armed  with  ten  or  more  rather 
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strong  teeth.  General  color  a  bright  pea-green,  the  shrilling  organ  of 
male  brownish  with  a  heavy  green  cross  vein.  The  abdomen  yellowish 
or  brownish  green. 

Measurements :  Male — Length  of  body,  21  mm.;  of  tegmina,  38  mm.;  of 
posterior  femora,  oO  mm.;  of  pronotum  0.5  mm.  Female — Lenjrth  of  body, 
23  mm.;  of  tegmina,  36  mm.,  of  posterior  femora,  31  mm.;  of  ovipositor, 
ll.o  mm.    Width  of  tegmina  of  male,  11.5  mm. 

This  species  is  rather  common  throughout  the  state  from  August  1st  to 
October,  frequenting  the  shrubbery  along  fence  rows  and  the  edges  of 
thickets  and  woods,  especially  in  damp  localities ;  and  when  flushed,  flies 
with  a  kind  of  whirring  noise,  alighting  on  fence  or  the  lower  branch  of 
tree.    I  have  not  distinguished  the  note  made  by  the  male,  but  McNeill 
{Io<\  cU.)y  says  that  it  is  a  "  quick, shuttling  sound  which  resembles  "  Katy  " 
or  "  Katydid  "  very  slightly." 
aa,    Tegmina  less  than  30  mm.  in  length  ;  sometimes  reaching  but  not 
exceeding  the  tip  of  posterior  femora. 
b.    Greatest  breadth  of  tegmina  contained  less  than  three  times  in 
their  length  ;  ovipositor  strongly  curved. 
().    Ambly(ohyi*ha  HOTi'NuiFOLiA,(iScudder.)    The Kound- winged  Katydid. 
Phylhptera  rot undi folia,  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII.,  1802,  445. 
Amhlycoiyitha  rotumfifoUa^  Brunner,  Monogr.  der  Phanerop.,  1878. 

Scudder,  Proc.  Bost.  Soc.  Nat.  Hist.,  XIX., 

1877,  83. 
Id.,  Am.  Encyc,  VIII.,  Ed.  1881,  170.  (Fig. 

only.) 
Id.,  Kep.  Ent.  8oo.  Ont.,  XXIII.,  1892,  08. 

(Song  of.) 
Riley,  Stand.  Nat.  Hist.,  II.,  1884, 1.S8,  fig.  205. 
Comstock,  Int.  Ent.,  I.,  1888,  110. 
Fernald,  Orth.,  N.  Eng.,  1888,  21. 
McNeill,  Psyche,  VI.,  1801,  22. 
Phylloplera  obhngijolia,  Harris,  Ins.  Inj.  to  Veg,  18()2,  tig.  75.  (Not  text.) 

Riley,  Sixth  Rep.  8t.  Ent.  Mo.,  1874,  109,  fig,  oo, 
(Text  in  part.) 
Length  about  32  mm.  to  end  of  tegmina,  which  are  proportionally  much 
broader  than  those  of  oblongifolia.    Posterior  femora  reaching  tip  of  teg- 
mina in  male,  a  little  longer  in  the  female ;  armed  on  the  lower,  inner 
carina  with  four  or  five  minute  teeth.    Anterior  margin  of  pronotum,  es- 
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pecially  in  the  female,  but  little  narrower  than  posterior;  the  lateral 
carinse  somewhat  rounded.  The  ovipositor  is  more  curved  and  more 
strongly  serrate  than  in  either  the  preceding  or  the  following  species. 
The  color  is  essentially  the  same  as  that  of  obiongifolia. 

Measurements :  Male — Length  of  body,  19  mm.;  of  tegmina,  27  mm.;  of 
posterior  femora,  25  mm.;  of  pronotum,  5  mm.;  width  of  tegmina.  10  mm. 
Female — Length  of  body,  20  mm.;  of  tegmina,  27  mm.;  of  pronotum,6  mm.; 
of  ovipositor,  10  mm.;  width  of  tegmina,  11  mm. 

As  far  as  my  observation  goes,  rotundifolia  is,  by  far,  the  most  common 
member  of  AiMycorypha  found  in  Indiana.  It  is  more  of  a*  terrestrial 
species  than  the  preceding,  being  often  seen  on  the  ground,  or  on  the 
clumps  of  tall  grass  and  weeds,  which  grow  in  damp  ravines.  Its  flight  is 
comparatively  noiseless  and  less  prolonged  than  that  of  oUomjifolia.  In 
Central  Indiana  it  makes  its  first  appearance  about  the  fifth  of  August. 
Of  its  note,  Mr.  Scudder  says:  "  This  insect  stridulates  both  by  day  and 
by  night,  and  without  variation.  The  song  consists  of  from  two  to  four 
notes— sounding  like  chica-chee,  repeated  rapidly  so  as  to  be  almost  con- 
founded,  and  when  three  requiring  just  one  third  of  a  second ;  the  song  is 
repeated  at  will,  generally  once  in  about  five  seconds,  for  an  indefinite 
length  of  time.'' 

66.    Greatest  breadth  of  wing  covers  contained  from  \\\  to  3}  times  in 
their  length ;  ovipositor  but  moderately  curved. 
7.    Amblyc'Orypha  uhleri,  Brunner.    Uhler's  Katydid. 

AjnhlycorypJia  iJderiy  Brunner,  Monogr.  der  Phanerop,  1878. 

Comstock,  Int.  to  Ent.,  I.,  1888,  1 10. 
Smith,  Cat.  Ins.  of  N.  Jer.,  18*)0,  409. 

Our  smallest  species  of  the  genus  measuring  but  about  27  mm.  to  end 
of  tegmina.  Posterior  femora  armed  as  in  rotundifolia,  slightly  exceeding 
the  tegmina  in  both  sexes.  Pronotum  narrower  in  front,  the  anterior 
half  of  lateral  carinte  rounded,  the  posterior,  rather  sharp.  The  male 
with  longer  wings  and  narrower  tegmina  than  the  female.  Ovipositor 
less  curved  than  in  either  of  the  other  species,  the  apical  half  with  com- 
paratively strong  serrations  on  both  margins.  General  color,  a  light,  grass 
green. 

Measurements :  Male — Length  of  body,  14  mm.;  of  tegmina,  2:>.5  mm.;  of 
hind  femora,  20  mm.;  of  wings  beyond  tegmina,  5  mm.  Female — Length  of 
body,  17.5  mm.;  of  tegmina  20.5  mm.;  of  hind  femora,  21.5  mm.;  of  wings 
beyond  tegmina,  3  mm.;  of  ovipositor,  8.5  mm. 
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Much  less  common  than  either  of  the  preceding,  having  been  noted,  as 
far  as  known,  only  in  Vigo  county,  where  it  frequents  the  tall  sedges  and 
willows  bordering  the  large  ponds  in  the  Wabash  River  bottoms.  The 
young  feed  upon  the  leaves  of  the  scarlet  oak,  Quercus  coccinea,  Wang.,  and 
the  perfect  insect  is  often  found  on  or  beneath  this  tree.  It  has  been  re- 
corded before  from  New  Jersey,  Maryland,  and  the  District  of  Colum- 
bia.   August  12  and  27th.* 

III.  MiCROCENTKiM,  Scuddcr  (1862.) 
Size  large.  Wing  covers  moderately  expanded  in  the  middle,  much 
longer  than  the  posterior  femora,  and  with  the  outer  border  sloping  off 
quite  sharply,  thus  causing  the  tip  to  be  more  pointed  than  in  AmUycory' 
pha  Vertex  much  as  in  that  ^enus,  slightly  furrow^ed.  Eyes  broadly 
oval,  very  prominent.  Hind  legs  slender  and  very  short,  the  femora  but 
little  more  than  half  as  long  as  the  tegmina.  Ovipositor  very  short,  bent 
abruptly  upwards,  bluntly  pointed,  and  with  the  apical  third  finely  ser- 
rate above.    Anal  plates  of  male  not  prolonged. 

''This  genus  differs  from  Amblycoryphaj  to  which  it  is  most  nearly  allied, 
especially  by  the  cut  of  the  wing  covers  and  the  shortness  of  the  hind  legs 
and  ovipositor.*'— Scudder. 

But  one  species  is  known  to  occur  in  Indiana. 
8.    MicRocKXTRiTM  LAUKiKOLiuM,  (L.)    The  I-Argcr  Angular-winged  Katy- 
did.   The  Oblique -winged  Katydid. 
''Gryllus  laurifolim  X.,  Syst.  Nat.  II.,  1767,  695,  No.  17.'^ 
PhyUoptera  lauH/dia,  Burmeister,  Handb.  d.  Ent.,  II.,  1838,  693. 

Serville,  Hist.  Nat.  des  Orth.,  1839,  404. 
MicTOcentrum  laurifoliumy  Bruner,  Bull.  Washb.  Coll.  Nat.  Hist.,  I.,  1885, 

127. 
Fernald,  Orth.  N.  Eng.,  1888,  21. 
McNeill,  Psyche,  VI.,  1891,22. 
Smith,  Cat.  Ins.  N.  J.,  1890,  409. 
Mirrocentrum  affiliatum,  Scudder.  Bost.  Jour.  Nat.  Hist.,  VII.,  1862,  447, 

fig  5. 
Riley,  Stand.  Nat.  Hist.,  II.,  1884,  191. 
Comstock,  Int.  to  Knt.,  I.,  1888,  110. 
Microcentrus  retinerrisy  Riley,  Sixth  Rep.  Stat.  Ent.  Mo.,  1874,  155,  figs. 

43-47. 


*  Unless  otherwise  staled,  the  dales  given  in  this  paper  are  those  on  which  the  first 
mature  insects  have  been  taken  in  Central  Indiana. 
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Microcentirum  retincrviSy  Id.,  Stand.  Nat.  Hist.,  II.,  1884, 188.  fig.  266,  (Not 

Mlcrocentrum  retinervi8f  Burm.)  ' 

This  is  the  largest  species  of ''  Katydid"  found  in  the  State,  both  sexes 
measuring  two  inches  and  more  to  the  end  of  the  wings.  The  general 
color  is  light,  grass  green,  the  body  yellowish  green,  lighter  beneath.  The 
vertex  is  quite  broad,  with  its  center  hollowed  out  so  as  to  form  a  shallow 
pit,  which  is  more  prominent  in  the  male.  The  pronotum  is  about  as 
broad  as  long,  its  anterior  margin  a  little  concave  and  usually  possessing  a 
slight  median  tooth,  though  this  is  sometimes  obsolete,  or  is  replaced  with 
a  shallow  notch.  The  overlapping  dorsal  surface  of  the  wing  covers  form 
a  sharp  and  prominent  angle  with  the  lateral  portions,  whence  the  com- 
mon name. 

Measurements :  Male — Length  of  body,  25  mm.;  of  tegmina,  42  mm.;  of 
posterior  femora,  22.5  mm.;  of  pronotum,  6  mm.;  width  of  t^mina,  13  mm. 
Female — Length  of  body,  30  mm.;  of  tegmina  46  mm.;  of  posterior  femora, 
24  mm.;  of  ovipositor,  5  mm.;  width  of  tegmina,  14  mm. 

In  the  country  it  is  this  insect  which  is  most  commonly  called  "  the 
Katydid,''  and  the  note  of  Cyrtaphyllus  concavus  is  usually  attributed  to  it 
but  its  true  note  may  be  represented  "  by  the  syllable  *  tic,\  repeated  from 
eight  t^  twenty  times  at  the  rate  of  about  four  to  the  second."*  It  is 
evidently  attracted  by  light,  being  often  found  in  the  gutters  beneath  the 
electric  lights  in  the  larger  cities  and  towns.  It  occurs,  probably,  through- 
out the  State,  but  is  more  common  southward  and  is  nowhere  found  in 
sufficient  numbers  to  be  injurious.  The  eggs  are  usually  glued  in  double 
rows  on  the  sides  of  slender  twigs,  which  have  been  previously  roughened 
with  the  jaws  and  otherwise  prepared  for  a  place  of  deposit.  The  two 
rows  are  contiguous  and  the  eggs  of  one  alternate  with  those  of  the  other. 
Those  of  the  same  row  overlap  about  one-fourth  of  their  length.  They 
are  of  a  grayish  brown  color,  long  oval  in  shape,  very  fiat,  and  measure 
5.5x3  mm.  They  are  usually  deposited  in  September,  hatch  the  following 
May,  and  the  young,  in  Central  Indiana,  reach  maturity  during  the  first 
half  of  August. 

The  insect  whose  life  history  was  so  well  written  up  by  Dr.  C.  V.  Riley, 
in  his  Sixth  Missouri  Report,  under  the  name  of  Microcentrm  relinervisj  is,- 
in  my  opinion,  the  present  species,  since  the  measurements  of  the  figures 
there  given  correspond  exactly  with  those  given  above  of  laurifolium.  The 
true  M,  retinervis  of  Burmeister  is  found  in  the  eastern  United  States  and 


■McNeill,  (loc.  ril.) 
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probably  occars  in  Indiana,  but  has  not,  as  yet,  been  noted.  It  is  con- 
siderably smaller*  than  launfoHxinij  and  with  the  general  color  more  of  a 
yellowish  green. 

PsErLK:)IMIYLLIN-K. 

This  sub-family  is  represented  in  Indiana  by  the  single  genus  Cyrtophyl- 
Jus  the  leading  characters  of  which  are  given  below. 

IV.    Cyktoimiyllus,  Burmeister  (1838). 

The  members  of  this  genus  are  at  once  distinguished  from  all  other 
Locustid^e  by  the  broad  leaf-like  form  of  the  tegmina  which  are  longer 
than  the  wings,  obtuse  and  rounded  at  the  end,  and  concave  or  hollowed 
within.  The  vertex  extends  forward  between  the  eyes  in  the  form  of  a 
small  flat  spine  and  the  prostemum  is  armed  with  two  sharp  spines.  Eyes 
small,  globose.  The  '^  shrilling  '^  organ  of  the  male  is  brown  in  color, 
with  the  central  portion  as  transparent  as  glass,  and  is  set  in  a  strong 
half  oval  frame.  Ovipositor  broad,  with  the  apical  half  up-curved  and 
denticulate  below ;  apex  rather  sharply  pointed.  Sub-anal  plate  of  male 
produced  into  a  long  paddle  shaped  appendage  which  is  grooved  on  the 
upper  side. 

But  two  species  occur  in  the  United  States  only  one  of  which  is  rather 
common  in  Indiana. 

9.    Cyutoi'hvllis  (ox(Avis,  (Harris.)    The  True  Katydid.    The  Broad- 
winged  Katydid. 
PterophyUa  coucava,  Harris,  Kncyclop;i*dia  Americana,  VIII.,  1831,  42. 
riati/phi/Utnn  concarum^  Harris,  Ins.  Inj.  to  Veg.,  1862,  158,  fig.  74. 

Walsh,  Proc.  Ent.  Soc.  Thil.,  III.,  1S64,  233. 
Thomas,  Trans.  111.  St.  Ag.  Soc,  V.,  1805, 445. 
Kiley,  Sixth  Rep.  St.  Ent.  Mo.,  1874,  167,  figs. 
52-54. 
Cyrtophylhis  concavu}<,  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII.,  1862,  444. 

Id.,  Encyc.  Americ.  Ed.,  1881,  Ix.,  772,  fig. 
Id.,  Kep.  Ent.  Soc.  Ont.,  XXIII.,  1892,  70,  fij^'.  46. 

(Note  of  set  to  music). 
Thomas,  Trans.  Dav.  Acad.  Nat.  Sci.,  I.,  1876,  267. 
Packard,  Guide  to  Stud.  Ins.,  1883,  566,  fig.  563. 
Riley,  Stand.  Nat.  Hist.,  II.,  1884,  187,  fig.  264. 

The  nieiisureiiieuts  given  by  Burmeister  are :  leDgth  of  body,  5-<>  of  an  in.:  of  leg- 
minti.  1<3  in. 
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Comstock,  Int.  to  Ent.,  I.,  1888, 115. 
Fernald,  Orth.,  N.  Eng.,  1888,  20,  fig.  10. 
McNeill,  Psyche,  VI.,  1891,  24. 
Smith,  Ins.  N.  J.  1890,  409. 
PlcUyphyllum  perspiciUaivmy  TJhler,  in  Harris  Ins.  Inj.  to  Veg.,  1862, 

158.  (Note.) 
Rathvon,  U.  S.  Ag.  Rep.,  1862,  382,  figs.  19, 
20.  (Not  CyriophylluB  jyerspiciUatus,  Fab.) 
The  true  Katydid  is  readily  known  by  the  characters  of  this  genns. 
The  wing  covers  and  wings  of  living  specimens  are  dark  green ;  the  body, 
pronotum  and  head  lighter,  with  a  tendency  to  turn  yellowish  when  dried . 
Harris  says  the  pronotum  is  **  rough  like  shagreen,  and  has  somewhat 
the  form  of  a  saddle,  being  curved  downward  on  each  side,  and  rounded 
and  slightly  elevated  behind  and  is  marked  by  two  slight  transverse  far- 
rows." The  main  veins  of  the  wing  cover  are  very  prominent  with  many 
reticulating  branches,  giving  that  organ  much  the  appearance  of  a  leaf. 
Posterior  femora  short,  slender,  and  armed  on  apical  half  of  lower  outer 
carina  with  about  six  small  spines.  The  ovipositor  is  almost  as  long  as 
the  abdomen,  cimeter-shaped,  sharp-pointed,  and  with  but  slight  serra- 
tions on  the  lower  edge  of  apical  third.  Below  the  curved  anal  cerci  of  the 
male  is  a  spine,  resembling  in  appearance  the  cerci,  which  curves  beneath 
the  projecting  sub-anal  plate. 

Measurements :  Male — Length  of  body,  30  mm. ;  of  tegmina,  37  mm. ; 
of  posterior  femora,  21  mm. ;  of  sub- anal  spine,  11  mm.  Width  of  teg- 
mina, 18  mm.  Female — Length  of  body,  29  mm. ;  of  tegmina,  36  mm. ; 
of  posterior  femora,  22  mm. ;  of  ovipoeitor,  14  mm.  Width  of  tegmina, 
16  mm. 

The  Broad-winged  Katydid  is  found  in  considerable  numbers  through- 
out the  State  but  is  much  more  commonly  heard  than  seen,  as  it  dwells 
singly  or  in  pairs  in  the  densest  foliage  which  it  can  find  such  as  the  tops 
of  shade  trees  and  the  entwining  vines  of  the  grape  arbor.  It  is  more 
domestic  in  its  habits  than  any  other  species  of  the  "  Katydid  "  group, 
frequenting,  for  the  most  part,  the  shrubbery  of  yards  and  orchards  and 
the  trees  along  fence  rows,  being  seldom,  if  ever,  heard  in  extensive 
wooded  tracts.  Its  note  is  the  loudest  made  by  any  member  of  the 
family,  the  male  having  the  musical  organ  larger  and  better  developed 
than  in  any  other.  The  call  is  almost  always  begun  soon  after  dusk  with 
a  single  note  uttered  at  intervals  of  about  five  seconds  for  a  half  dozen  or 
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more  times.  This  preliminary  note  gives  the  listener  the  impression  that 
the  musician  is  tuning  his  instrument,  preparatory  to  the  well  known 
double  call  which  is  soon  begun  and  kept  up  almost  continuously  from 
dark  till  dawn. 

Of  this  call  Mr.  Scudder,  says:  ''The  note,  which  sounds  like  xr, 
has  a  shocking  lack  of  melody:  the  poets  who  have  sung  its  praises 
must  have  heard  it  at  the  distance  that  lends  enchantment.  In  close 
proximity  the  sound  is  excessively  rasping  and  grating,  louder  and 
hoarser  than  I  have  heard  from  any  other  of  the  Locus tarians  in  Amer- 
ica or  in  Europe,  and  the  Locustarians  are  the  noisiest  of  all  Orthop- 
tera.  Since  these  creatures  are  abundant  wherever  they  occur,  the  noise 
produced  by  them,  on  an  evening  specially  favorable  to  their  song,  is 
most  discordant.  Usually  the  notes  are  two  in  number,  rapidly  re- 
peated at  short  intervals.  Perhaps  nine  out  of  ten  will  ordinarily  give 
this  number ;  but  occasionally  a  stubborn  insect  persists  in  sounding  the 
triple  note— (' Katy- she-did ') ;  and  as  Katydids  appear  desirous  of  de- 
fiantly answering  their  neighbors  in  the  same  measure,  the  proximity  of 
a  treble-voiced  songster  demoralizes  a  whole  neighborhood,  and  a  curious 
medley  results ;  notes  from  some  individuals  may  then  be  heard  all  the 
while,  scarcely  a  moment's  time  intervening  between  their  stridulations, 
some  nearer,  others  at  a  greater  distance ;  so  that  the  air  is  filled  by  these 
noisy  troubadours  with  an  indescribably  confused  and  grating  clatter." 

According  to  Riley  the  eggs  are  thrust,  by  means  of  the  sharp  oviposi- 
tor, into  crevices  and  soft  substances,  and  probably,  in  a  state  of  nature, 
into  the  crevices  of  loose  bark,  or  into  the  soft  stems  of  woody  plants. 
They  are  of  a  dark  slate  color,  about  0.5x2  mm.  in  size,  very  fiat,  pointed 
at  each  end,  and  with  the  edges  beveled  ofi"  or  emarginate.  The  song  has 
been  heard  in  Putnam  county  as  early  as  August  5th,  and  a  single  female 
was  captured  in  Lake  county  on  October  15th,  so  that  the  species  proba- 
bly exists  more  than  two  months  in  the  mature  state. 

It  was  to  this  species  that  Oliver  Wendell  Holmes  addressed  the  well 
known  lines : 

"  1  love  to  hear  thine  earnest  voice 
Wherever  thou  art  hid, 
Thou  testy  little  dogmatist, 
Thou  pretty  Katydid." 

CONOCKPHAHN.K. 

Vertex  projecting  forward  and  upward  in  the  form  of  a  tubercle  or 
cone,  sometimes  blunt,  sometimes  much  prolonged.    Prostemum  toothed 
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or  with  two  slender  spines.  Front  coxa*  (in  our  genera)  with  a  spine  on 
the  outside.  Wing  covers  seldom  expanded  in  the  middle,  often  shorter 
than  the  abdomen,  and  in  color  either  green  or  brown.  Shrilling  organ 
of  male  well  developed,  the  cross  vein  prominent,  the  color  light  brown, 
with  the  central  portion  transparent  (except  in  the  genus  Conocephalus) . 
The  hind  legs  arc  usually  stout  and  much  thickened  at  the  base  as  the 
insects  seldom  fly,  but  are  active  leapers,  and  very  difficult  to  capture. 

The  eggs  are  deposited  within  the  stems  or  root  leaves  of  grass,  the  pith 
of  twigs,  or  sometimes  in  the  tumip-Khaped  galls  so  common  on  certain 
specids  of  willow.  The  ovipositor  being  thus  used  as  a  piercer,  has  in 
time  developed  into  a  slender  and  sharp  pointed  instrument  which  is  but 
little  curved  and  is  frequently  of  excessive  length,  in  some  species  being 
over  twice  as  long  as  the  remainder  of  the  body. 

To  this  sub-family  belong  those  slender-bodied  green  grasshoppers,  with 
long,  tapering  antennn>  which  are  so  common  in  summer  and  early  au- 
tumn in  damp  meadows  and  prairies  and  along  the  margins  of  streams, 
ditches  and  ponds.  They  are  mostly  terrestrial  in  their  habits,  but  one  or 
two  of  the  larger  ones  ever  being  found  in  trees. 

The  color  of  their  bodies  corresponds  closely  to  that  of  the  stems  and 
leaves  of  the  sedges  and  grasses  among  which  they  dwell,  and  so  protects 
them  from  the  sight  of  the  few  birds  which  frequent  a  like  locality.  Their 
songs,  produced  in  the  same  manner  as  those  of  their  larger  cousins,  the 
katydids,  are  as  frequent  by  day  as  by  night,  but  are  usually  soft  and  low 
in  comparison  with  those  of  the  former.  Their  day  songs  differs  from  that 
of  the  night,  and,  says  Scudder,  "  It  is  curious  to  observe  these  little  crea- 
tures suddenly  changing  from  the  day  to  the  night  song  at  the  mere  pass- 
ing of  a  cloud  and  returning  to  the  old  note  when  the  sky  is  clear.  By 
imitating  the  two  songs  in  the  daytime  the  grasshoppers  cim  be  made  to 
represent  either  at  will ;  at  night  they  have  but  one  note."* 

Twenty-one  species  of  this  sub- family,  representing  three  genera,  are 
known  to  occur  in  the  state. 

Key  to  Genkra  of  Conocki'Halin.k. 

a.    Vertex  produced  forwards  into  a  long  sharp  cone;  ' 

stridulating  orsran  of  male  green  and  opaque  .   .  V.  CoxocKriiALrs. 
aa.    Vertex  terminating  in  a  rounded  tubercle  which 
is  hollowed  out  on  the  sides ;  stridulating  organ 
of  male  light  brown  and  partly  transparent. 

•^'American  Naturalist.  II.,  18C.8. 1]('». 
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b.    Prosternal  spines  very  short ;  ovipositor  slender, 

straight,  or  very  nearly  so ;  insect  small    .   .   .  VI.  Xiimiidum. 
hb.    Prosternal  spines  long  and  slender ;  ovipositor 

stout,  usually  upcurved ;  insect  large  .   .  VII.  Ou(iiemmi:m. 

V.    CoNocHi'iiALrs,  Thunbergh  (1815.) 
The  Cone- headed  (Trasshopi)ers. 

The  members  of  this  genus  are  readily  known  by  having  the  vertex 
prolonged  forward  and  upward  into  a  cone  which  much  exceeds  in  length 
the  first  segment  of  the  antenniu.  Face  very  oblique.  Eyes  subrotund, 
rather  prominent.  Spines  of  pronotum  long  and  slender.  Wing  covers 
long,  narrow,  rounded  at  the  end,  much  exceeding  the  abdomen  and 
slightly  exceeding  the  wings  in  all  our  species.  The  stridulating  organ  of 
the  male  is  opaque  and  of  a  coarse  texture  in  the  left  wing  cover,  but 
transparent  at  the  center  of  the  right.  Hind  femora  of  moderate  length, 
rather  slender,  the  insects  often  using  the  wings  sl»  locomotors.  Ovipos- 
itor rather  narrow,  nearly  straight,  oftentimes  of  excessive  length;  the 
eggs  of  those  species  in  which  the  oviposition  has  been  noted,  being  de- 
posited between  the  stem  and  the  root  leaves  of  plants.  Anal  plates  of 
male  not  produced ;  the  cerci  much  swollen,  recurved  and  toothed. 

Although  these  insects  are  said  to  be  rather  common  by  those  writers 
who  have  prepared  lists  of  Orthoptera  from  other  States,  yet  in  Central 
and  Western  Indiana  they  are  the  least  abundant  of  all  the  L<jcnstid<ry  five 
years*  collecting  havinjjj  yielded  less  than  twenty  specimens.  In  the 
northern  part  of  the  State,  however,  they  appear  to  be  much  more  com- 
mon. Of  the  habits  of  the  species  found  in  Illinois,  McNeill  has  written : 
''AH  the  species  of  Conocephalus  seem  to  possess  more  intelligence  than 
is  usual  in  Orthoptera,  and  they  are  about  the  most  difficult  of  the  order 
to  approach.  In  escaping  they  usually  slip  or  fall  into  the  grass  in- 
stead of  jumping  or  flying;  but  they  seem  to  fully  understand  that  they 
are  very  well  protected  by  their  color  and  form.  If  approached  very 
cautiously  they  often  remain  quite  still  upon  the  stem  of  grass  upon 
which  you  have  surprised  them  with  the  usually  well  founded  expecta- 
tion that  you  will  not  be  able  to  distinguish  them  from  the  green  herbage 
around.  If  they  think  it  worth  while  to  make  some  active  movement  to 
escape  they  will  frequently  slip  around  on  the  other  side  of  the  stem  and 
walk  down  the  stem  to  the  ground  or  off  upon  another  plant.  Unlike 
most  Orthoptera  they  do  not  use  their  front  legs  in  holding  to  the  mouth 
8 


114 

the  thinj;  upon  which  they  feed.    Jn8tea<l  of  biting  they  seem  to  wrench 
or  tear  away  pieces  from  the  stems  or  leaver. ^'-^ 

The  genus  is  a  large  one,  101  npecies  being  included  by  Redtenbacher  in 
his  monograph.  About  one  dozen  are  known  to  occur  in  the  Eastern 
Ignited  States,  and  four  have,  up  to  the  present,  been  taken  in  Indiana. 

<t.    Cone  of  vertex  slender,  about  3.5  mm.  in  length,  and  with  either 
the  margin  or  lower  face  black. 

b.  A  black  line  on  each  margin  of  cone  extending  from  the  apex 
half  way  or  more  to  base;  inner,  lower  carina  of  posterior 
femora  with  four  or  five  minute  spines. 

10.    CoxocEriiALus  Ex>ioKH,  Harris.    The  Sword-bearer. 

Coikoccphalus  ensiger,  Harris,  Ins.  Inj.  to  Veg.,  1SG2,  103,  f]g.7l>. 

Scudder,  Itest.  Jour.  Xat.  Hist.,  Vll.,  1802,  44H. 
Id.,  Dist.  Ins.  in  New  Hamp.,  1874,  ^JOT.     (Note  of 

to  music.) 
Id.,  Am.  Ency.,  Ed.  1881,  VIII.,  170,  fij:.  — . 
LI.,  liep.  Ent.  Soc.  Ont.,  XXIIl.,  18*>2,  72.     (Note 

of  to  music.) 
Thomas,  Trans.  111.  St.  Ajrl.  .Soc,  V.,  1805,  445. 
Smith,  Orthop.  of  Maine,  1808,  145. 
Kiley,  Stand.  Nat.  Hist.,  II.,  1884,  lvS7,  li^.  2o:J. 
Comstock,  Int.  to  Ent.,  I.,  1888, 115. 
Fernald,  Orth.  N.  Eng.,  1SS8,  22. 
Wheeler,  Insect  Life,  II..  18<.>0,  224. 
McNeill,  Psyche,  VI.,  181H,  23. 
Smith,  Ins.  of  X.  Jersey,  18JK1,  410. 
Id.,  Bull.  Ag.  Coll.  Ex.  Stat.  N.  Jer.,  Xo.  HO,  1892, 

31,  pi.  II. 
Kedtenbacher,  Monogr.  der  Conoceph.,  IS'.U, ()7, 89. 
Osborne,  Troc.  la.  Acad.  Sci.,  I.,  1892,  110. 

A  slender-bodied  species,  the  general  color  of  which  is  grass  green,  the 
body  and  face  paler;  the  posterior  tibia*  and  tip  of  ovipositor  infuseated. 
Lateral  carina;  of  prouotum  sometimes  with  a  fai^t  yellow  line,  more 
plainly  visible  in  the  dried  specimens.  Tegmina  very  long  and  slender. 
Cone  of  vertex  with  a  small  tooth  projecting  downward  from  the  front  of 
itfl  base.    Ovipositor  of  excessive  length,  straight,  the  apex  pointed. 


'■Psyclie.  VI.,  2.-^. 


Measurements:  Male— Length  of  body,  26  mm.;  of  tegmina,  42  mm.; 
of  posterior  femora,  21  mm.  Female — Length  of  body,  28  mm.;  of  teg- 
mina  47  mm.;  of  posterior  femora,  23  mm.;  of  cone  of  vertex  3.25  mm.;  of 
pronotum,  7.5  mm.;  of  ovipositor,  31  mm. 

This  is  probably  the  most  widely  distributed  species  occurring  in  the 
Eastern  United  States,  having  been  recorded  from  Maine  to  Nebraska.  It 
is  the  most  common  one  occurring  in  Northern  Indiana,  where  it  frequents 
the  tall  rank  grasses  along  ditches  and  the  borders  of  damp  prairies.  In 
Vigo  and  Putnam  counties  it  is  scarce,  being  replaced  by  C  wbrascensis, 
Bruner. 

The  female  has  been  recorded  as  depositing  her  eggs  between  the  stem 
and  root  leaves  of  Andrapogouy  a  genus  of  tall,  coarse  grasses  which  grow 
in  dry,  sandy  localities.  The  young,  hatched  in  May,  reach  maturity 
about  the  5th  of  August.  Mr.  Scudder,  who  has  set  the  note  of  the  male  to 
music,  says  of  the  song:  *'  This  insect  has  but  a  single  song  and  stridu- 
lates  only  by  night,  or  during  cloudy  weather.  It  begins  its  song  as  soon 
as  the  sky  is  obscured  or  the  sun  is  near  the  horizon.  It  commences  with 
a  note  like  b  r  t/',  then  pauses  an  instant  and  immediately  emits  a  rapid 
succession  of  sounds  like  c  h  tv  i  at  the  rate  of  about  five  per  second,  and 
continues  them  for  an  unlimited  time.  Another  writer  likens  its  note  to 
the  syllable  ^ihikik'  as  if  sharpening  a  saw,  enlivening  low  bushes,  and 
particularly  the  com  patch,  as  it  seems  to  especially  delight  in  perching 
near  the  top  of  a  cornstalk  and  there  giving  forth  its  rather  impulsive 
song." 

hh.  Cone  of  the  vertex  entirely  black  beneath ;  posterior  femora  armed 
on  both  of  the  lower  cariuit'  ,with  a  number  of  plainly  visible 
8i)ines. 

11.    CoxocEiMiALi  s  xERKASCKxsis,  Bruuer. 

CojuKYphains  iiebrcu<cenmy  Bruner,  Canadian  Ent.,  XXIIL,  1891,  72. 

McNeill,  Psyche,  VI.,  1891,  23. 

Osborne,  Proc.  la.  Acad.  Sci.,  I.,  1892,  119. 

Scudder,  Rep.  Ent.  Soc.  Ont.,  XXIIL,  1892,  72. 
A  heavier  bodied  and  shorter  winged  species  than  the  preceding.  The 
cone  of  the  vertex  projecting  upward  more  strongly  and  with  the  apical 
half  more  tapering  than  in  cnsigcr ;  the  basal  tooth  quite  prominent.  **  Anal 
cerci  of  male  stout,  with  strong  internal  hooks.  Ovipositor  long  and  slen- 
der, lanceolate,  a  little  curved  upwards  and  extending  about  one-fourth 
of  an  inch  beyond  the  closed  tegmina." 
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"General  colour  bright  grass  green  (rarely  a  yellowish  brown  or  tan) 
with  narrow,  yellowish  lines  along  the  lateral  carinjr  of  the  pronotum. 
Posterior  tibiae  together  with  all  the  feet  more  or  less  infuscated/*— Bru- 
ner. 

Measurements :  Male— Length  of  body,  28  mm.;  of  tegmina,  37  mm.;  oj 
pronotum,  8  mm.;  of  cone  of  vertex,  3.5  mm.;  of  posterior  femora,  21  mm. 
Female— Length  of  body,  33  mm.;  of  tegmina,  42  mm.;  of  posterior  femora, 
23  mm.;  of  ovipositor,  29  mm. 

The  above  measurements  are  very  nearly  the  same  as  those  given  by 
Mr.  Bruner  in  the  original  description  of  the  species,  and  are  the  average 
of  a  half  dozen  specimens  in  my  collection.  I  have  one  female,  however, 
which  is  so  much  larger  that  at  first  I  was  inclined  to  think  it  a  different 
species,  but  the  color  and  structure,  except  the  measurements,  agree  in 
every  particular  with  those  given  above  of  mhrcacenm.  The  following  are 
the  measurements  of  the  specimen  in  question  : 

Length  of  body,  36  mm.;  of  cone,  4.5  mm.;  of  tegmina,  49  mm.;  of  poste- 
rior femora,  30  mm.;  of  ovipositor,  39  mm. 

This  species  has  not  before  been  recorded  east  of  Illinois,  but  in  Central 
Indiana  it  is  the  most  common  of  the  three  species  occurring  there.  A 
number  of  specimens  have  been  taken  in  Putnam  county  by  Mr.  Riley  and 
in  Vigo  and  Fulton  counties  by  myself.  When  approached  it  often  at- 
tempts to  escape  by  burrowing  beneath  the  fallen  grass.  It  frequents 
the  same  localities  as  C  ensiger  and  is  very  liable  to  be  mistaken  for  that 
species  by  the  casual  observer,  but  may  at  once  be  distinguished  by  the 
characters  given  above. 

aa.    Cone  of  vertex  rather  stout,  lees  than  3  mm.  in  length,  devoid  of 
black  markings, 
c.    Lateral  carinsc  of  pronotum  with  a  yellow  line ;  wing  covers  with 
irregularly  distributed  black  dots ;  ovipositor  exceeding  25 
mm.  in  length. 

12.    CoNocEi'HALis  ROBUSTLS,  Scuddcr. 

Cornxyphalus  robustm,  Scudder,  Boat.  Journ.  Xat.  Hist.,  VII.,  1802,  449. 

Id.,   Proc.   Best.   Soc.   Nat.   Hist.,   XI.,   1808,   7. 

(Song  of.) 
Id.,  Am.  Naturalist,  II.,  1808,  117.  (Song  of.) 
Id.,  Distb.  Ins.  in  N.  Hamp.,  1874,  367.  (Song  of.) 
Id.,  Rep.  Ent.  Soc.  Ont.,  XXIII.,  1892,  72.  (Songof.) 
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Riley,  SUnd.  Nat.  History.,  II.,  1884, 187. 

Comstock,  Int.  to  Ent.,  I.,  1888,  115. 

Fernald,  Orth.  N.  Eng.,  1888,  23. 

McNeill,  Psyche,  VI.,  1891,  23. 

Smith,  Ins.  N.  Jer.,  1890,  410. 

Kedtenbacher,  Monog.  der  Conoceph.,  1891,  89. 
PI.  III.,  fig.  m. 

A  larger  and  thicker  bodied  species  than  either  of  the  preceding ;  and 
the  wing  covers  broader.  Cone  of  the  vertex  more  like  that  of  C.  ensiger 
but  shorter,  with  the  apex  more  obtuse ;  the  frontal  basal  spine  distinct 
but  blunt.  Posterior  femora  armed  beneath  on  both  carinse  with  a  num- 
ber of  rather  weak  spines.  Wings  of  male  equalling  the  tegmina  in  length, 
in  the  female  a  little  shorter.  Ovipositor  shorter  than  in  either  of  the 
above  species.  General  color  either  pea-green  or  dirty  brown*  or  a  mixture 
of  both.  The  cone  rarely  with  a  black  spot  at  apex,  its  sides  often  with  a 
narrow  yellowish  line. 

Measurements:  Male — I/ength  of  body,  30  mm.;  of  tegmina,  44  mm.; 
of  hind  femora,  23  mm.;  of  pronotum,  8  mm.;  of  cone,  2  mm.  Female — 
Length  of  body,  31  mm.;  of  tegmina,  48  mm.;  of  hind  femora,  26  mm.;  of 
ovipositor,  26  mm. 

This  species  seems  to  be  an  inhabitant  of  sandy  districts  and  occurs 
only  along  the  Atlantic  sea  coast  and  the  shores  of  the  Great  Lakes.  In 
Indiana  it  has  been  noted  only  in  Lake  county,  where  Prof.  E.  E.  Slick 
found  it  quite  frequently  along  the  shore  of  Lake  Michigan  during  Sep- 
tember and  October.  Of  the  specimens  sent  to  me — a  half  dozen  males — 
he  wrote :  They  were  caught  off  of  trees,  in  the  dusk  of  the  evening,  as 
they  were  singing.  They  sang  ('^  whetted'')  continuously  for  ten  minutes 
or  longer  while  I  watched  them. 

Mr.  Scudder  thus  describes  the  note  as  heard  in  New  England :  '^  Ro- 
bustus  is  exceedingly  noisy  and  sings  equally,  and  I  believe  similarly,  by 
day  and  night.  The  song  resembles  that  of  the  harvest  fly.  Cicada  canicu- 
luris.  It  often  lasts  for  many  minutes,  and  seems,  at  a  distance,  to  be 
quite  uniform  ;  on  a  nearer  approach  one  can  hear  it  swelling  and  decreas- 
ing in  volume  *  *  *  and  it  is  accompanied  by  a  buzzing  sound,  quite 
audible  near  at  hand,  which  resembles  the  humming  of  a  bee  or  the  dron- 
ing of  a  bagpipe.'* 


'^C.  ensiger  is  said  also  to  be  thus  dimorphic  in  coloration,  but  all  that  I  have  seen  from 
this  state  are  of  the  green  variety.  « 
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c.    Lateral  carinic-  of  pronotum  without  trace  of  yellow ;  wing  cov- 
ers a  bright,  grass  green,  immaculate;  ovipositor  less  than  20 
mm.  in  length. 
13.    CoNOCEi»iiALus  I'ALusTRis,  Blatchlcy. 

Conocephalus  jxdustriitj  Blatchley,  Can  ad.  Ent.  XXV.,  1893,  89. 

A  small  but  comparatively  heavy -bodied  species,  having  the  cone  of  the 
vertex  devoid  of  black  markings  and  without  a  basal  tooth ;  ovipositor 
very  short  and  broad ;  posterior  femora  armed  beneath  on  both  carina*. 

CJone  of  the  vertex  short  and  stout,  the  tip  round,  the  deflexed  front 
with  a  dull  median  carina.  Pronotum  short,  broad,  the  posterior  margin 
regularly  rounded,  the  lateral  carina*  well  defined,  the  entire  surface 
thickly  and  rather  deeply  punctate.  Tegmina  long  and  rather  narrow, 
regularly  rounded  to  the  apex ;  of  a  more  delicate  texture  than  in  either 
C.  enniger,  Harris,  or  C  robustiiSj  Scudder.  Fore  and  middle  femora  with 
two  short  spines  on  the  apical  third  of  the  lower  outer  carina.  Hind  legs 
short,  the  tibise  but  little  more  than  half  as  long  as  the  closed  tegmina ; 
the  femora  with  i)lainly  visible  spines  on  both  of  the  inferior  carinjc,  eight 
on  the  outer  and  six  on  the  inner.  Ovipositor  a  little  shorter  than  the 
hind  tibias  broadest  at  a  point  about  two-thirds  the  distance  from  the 
base,  thence  tapering  regularly  to  a  sharp  apex. 

General  color  a  very  bright  grass  green.  Fastigiuni  tipped  with  dull 
yellow,  which  extends  half  way  down  the  sides.  Labrum  and  apical  seg- 
ments of  all  the  palpi  a  rose  re<l  tinged  with  violet.  Tarsi  somewhat 
infuscated.     Antenna*  and  apical  third  of  ovipositor  reddish-brown. 

Measurements :  Female — I^ength  of  body,  27  mm.;  of  fastigium  in  front 
of  eye,  2.75  mm.;  of  pronotum,  7  mm.;  of  tegmina,  37  mm.;  of  hind  femora, 
20  mm.;  of  hind  tibiae,  19.5  mm.;  of  ovipositor,  19  mm. 

This  han<lsome  species  of  Conocf.ph<ihis  belongs  to  the  same  group  as  (*. 
robuMiu<  and  C.  rrepitam,  Scudder,  but  is  smaller  and  of  a  more  uniform 
and  brighter  green  than  either  of  those  species,  besides  having  shorter 
legs,  ovipositor,  etc.  It  is  described  from  a  single  female  taken  October 
24,  from  the  fallen  grasses  on  the  margins  of  a  large  low-land  pond  in  Vigo 
county.  This  pond  is  surrounded  on  all  sides  by  heavy  timber,  and  its 
margins  have  yielded  a  number  of  interesting  Orthoptera  found  nowhere 
else  in  the  county.  Among  them  are  L*  ftti/siHa  marginicoHis,  8er\'.,  Paroxya 
cUlaniica,  Scudder,  Anaxiphas  pullcai'iiis,  Sauss.,  Phi/lloscirtes  pulchelltm,  Uhler, 
and  Xiphidivin  nigrophnramy  Bruner.  The  first  four  mentioned  are  insects 
of  a  southern  range,  and  perhaps  C.  palnstm  will  in  time  be  found  to  be 
more  common  southward . 
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Vr.    XiiMiiDirM,  Serville  (1S:J1 ). 

This  genus  includes  our  smallest  winged  Locustida*.  The  vertex  pro- 
jects forward  and  slightly  upward  in  the  form  of  a  rounded  tubercle  which 
is  hollowed  out  on  the  sides  for  the  reception  of  the  basal  joint  of  the  an- 
tenna?. Face  rounded,  somewhat  oblique.  Eyes  rather  large,  sub-globose. 
Spines  of  prosternum  very  short  and  weak ;  often  mere  cone-shaped  protu- 
berances. Wing  covers  narrow,  straight,  rounded  at  the  end,  often  varying 
much  in  length  in  the  same  species,  but  for  the  most  part  shorter  than 
the  abdomen.  Wings  usually  a  little  shorter  than  the  wing  covers.  Strid- 
ulating  organ  of  male  well  developed,  the  veins  prominent,  light  brown 
in  color,  and  witli  the  middle  transparent.  Hind  femora  of  medium 
length,  stout  at  base.  Ovipositor  narrow,  straight,  or  but  slightly  curved, 
oftentimes  of  excessive  length.  Anal  plates  of  male  not  prolonged ;  the 
oerci  usually  much  swollen,  and  toothed  at  base  on  the  inner  margin. 
Eight  species  are  known  to  occur  in  the  State. 

These  insects  are  more  variable  in  color  and  in  the  length  of  wings  than 
those  of  any  other  genus  of  Orthoptera  known  to  me.  The  variations, 
however,  seem  to  be  abrupt  with  no  intervening  forms.  There  are  lonjr- 
\pnged  and  short-winged  forms  of  the  same  Bi)ecieH  but  none  with  the 
wings  of  medium  length ;  and  when  a  brown  form  is  tinged  with  green, 
or  vice  rersd,  the  amount  of  the  different  color  varies  but  little.  Five  of 
our  eight  species  are  thus  dimorphic  as  regards  the  length  of  wings,  the 
short-winged  individuals,  as  far  as  my  observation  goes,  far  outnumber- 
ing those  with  the  wings  fully  developed;  and  at  least  three  of  the  ei),dit 
are  variable  with  respect  to  color. 

a.    Ovipositor  shorter  than  the  body. 
h.    (.)vipositor  straight. 
/'.     Wioj^'s  a  little  longer  than  the  wing  covers ;  the  latter  always  fully 
developed. 

14.     XiriiiDiiM  1  As(  lATiM,  (DeGeer.)     The  Slender  Meadow  Grasshopper. 
LocKsta  fuHciataDeijeQr,  '*Mem.,  III.,  177S,  458,  PI.  XL.,  fig.  4.'* 
Xiphidiatn  fasriatum,  Burmeister,  Handb.  dor  Ent.,  II.,  1889,  708. 

Scudder,  Boston  Jour.  Nat.  Hist.,  VII.,  1SG2,  451. 

Id.,  Distr.  of  Ins.  in  X.  Hamp.,  1S74,  :J<)8. 

Id.,  Rep.  V.  S.  Ent.  Com.,  II.,  Appen.  II.,  1880,  2:]. 

Id.,  Rep.  Ent.  Soc.Ont.,  XXIII.,  18'.»2,  75.  (Songof.) 

Smith,  Orthop.  of  Maine,  18()8,  145. 
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Packard,  Guide,  Stud.  Ins.,  1883,  567. 
Riley,  Stand.  Nat.  History.,  II.,  1884,  186. 
Bruner,  Bull.  Washb.  Coll.  Nat.  Hist.,  I.,  1885, 

128. 
Id.,  Ent.  News,  III.,  18J)2,  265. 
Comstock,  Int.  to  Ent.,  I.,  1888,  114. 
Femald,  Orth.  N.  Eng.,  1888,  24. 
Smith,  Ins.  of  N.  Jer.,  1890,  411. 
Id.,  Bull.  90,  Ag.  Coll.  Exp.  Stat.  N.  Jer.,  1892,  :n, 

pi.  II. 
McNeill,  Psyche,  VI ,  1891,  24. 
Kedtenbacher,  Monog.  der  Conoceph.,  1891,  192, 

pi.  IV.,  fig.  82. 
Osborne,  Proc.  la.  Acad.  Sci.,  I.,  1892,  118. 
One  of  the  most  slender  bodied  species  belonging  to  our  fauna,  and  the 
only  one  whose  wings  are  never  shorter  than  the  body.  Posterior  femora 
reaching  to  or  slightly  beyond  the  tip  of  tegmina  in  the  female,  distinctly 
shorter  in  the  male.  Face,  sides  of  pronotum  and  abdomen,  and  basal 
portion  of  ovipositor  green ;  tegmina  and  apical  third  of  ovipositor  light 
reddish  brown :  upper  side  of  abdomen,  and  stripe  on  occiput  and  disk  of 
pronotum  darker  brow^n  ;  legs  green,  brownish  on  the  knees  and  tarsi. 

Measurements :  Male-  -Length  of  body,  13.5  mm. ;  of  tegmina,  17.5 
mm. ;  of  hind  femora,  11.5  mm. ;  of  pronotum,  3.5  mm.  Female — Length 
of  body,  14  mm.;  of  tegmina,  16  mm.;  of  hind  femora,  13  mm.;  of  ovi- 
positor, 8  mm. 

Abundant  everywhere  in  timothy  and  clover  meadow^s  and  especially 
so  about  small  streams  in  low^  ground,  blue-grass  pastures.  One  of  the 
first  of  the  Locustidd'  to  reach  maturity,  specimens  having  been  taken  in 
Vigo  county  as  early  as  July  5th.  The  note  of  the  male  is  very  faint — a 
kind  of  zr  r-r-r  long  drawn  out. 

Fasciaium  has,  perhaps,  the  widest  distribution  of  any  of  our  American 
liocustida',  its  range,  according  to  Kedtenbacher,  being  from  British 
America  to  Buenos  Ayres,  JS.  A. 

The  Orchelimum  (jracik  of  Harris,  usually  quoted  as  a  synonym  of  X.fou- 
datumf  has  been  shown  by  Bruner  (Ent.  News,  toe.  cU.)  to  be  a  distinct  and 
valid  species. 

cc.    Wings  shorter  than  the  wing  covers;   the  latter  variable  in 
length. 
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15.     XiPiiiDiuM  BREvii'EXNK,  Scudder. 

Xiphidium  brevipennis,  Scudder,  Boston  Jour.  Nat.  Hist.,  VII.,  1802,461. 
Xiphidium  hrevipennej  Id.,  Dist.  Ins.  in  N.  Hamp.,  1874,  368. 

Id.,  Sec.  Rep.  IT.  S.  Ent.  Comm.,  188()  Appen., 

II.,  23. 
Smith,  Orth.  of  Maine,  1868,  145. 
Riley,  Stand.  Nat.  Hist.,  II.,  1884,  186. 
Bruner,  Bull.  Washb.  Coll.  Lab.  Nat.  Hist.,  1885, 

I.,  128. 
Comstock,  Int.  Ent.,  I.,  1888,  114. 
Fernald,  Orth.  N.  Eng.,  1888,  24. 
Smith,  Ins.  of  N.  Jer.,  1890,  411. 
•  Id.,  Bull.  iX),  Ag.  Coll.  Exp.  Stat.  N.  Jer.,  1892, 

31,  pi.  II. 
McNeill,  Psyche,  VI.,  1891,  24. 
Redtenbacher,  Monog.  der  Conoceph.,  1891,  206, 

pi.  IV.,  fig.  91. 
Osborne,  Proc.  la.  Acad.  Sci.,  I.,  1892,  119. 
Blatchley,  Can.  Ent.,  XXIV.,  1892,  26. 
A  little  shorter  and  thicker  bodied  species  than  XJasciatitm.    Posterior 
femora  rather  short  and  stout,  unarmed  beneath,  or  rarely  with  one  to 
four  minute  spines.    Cerci  of  male  swollen,  the  apex  strongly  compressed 
and  obtuse,  armed  below  the  middle  with  a  rather  flat,  sharp-pointed 
tooth. 

General  color  light  reddish  brown ;  the  face  and  sides  of  pronotum 
usually  green ;  stripe  on  occiput  and  disk  of  pronotum  a  very  dark  brown, 
margined  on  each  side  with  a  narrow  yellow  line;  ovipositor  reddish 
brown  throughout. 

Measurements:  Male — length  of  body,  12  mm.;  of  tegmina,  8  mm.; 
of  posterior  femora,  11.5  mm.;  of  pronotum,  3.5  mm.  Female — Length 
of  body,  13  mm. ;  of  tegmina,  7.5  mm. ;  of  posterior  femora,  11  mm. ;  of 
pronotum,  3  mm. ;  of  ovipositor,  9-10  mm. 

This  is  also  an  abundant  species  throughout  the  State,  frequenting  the 
same  localities  asfascicUvm  and  reaching  maturity  about  a  fortnight  later. 
Long- winged  forms  of  it  occasionally  occur,  but  in  Indiana  they  are  very 
scarce,  but  one  or  two  having  come  under  my  notice.  Of  the  variations 
in  the  length  of  the  wing  covers  of  it  and  allied  species  Prof.  Bruner  has 
well  said :    "  That  in  the  genera  Xiphidium  and  Orchelimum  wing  length  is 
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a  character  not  to  be  relied  upon  as  specific  or  even  varietal  diflference* ;  *' 
yet  Redtenbacher  in  hie  Monographie  der  Conocephaliden  has  separated 
a  number  of  his  species  by  this  character  alone,  and  I  can  find  no  men- 
tion in  his  work  of  the  fact  that  such  a  variation  exists. 

66.  Ovipositor  a  little  curved ;  t^ginina  constant  in  length,  covering 
about  two-thirds  of  the  abdomen  in  the  male ;  shorter  in  the 
female. 

10.    XiPHiDiiM  XEMORALE,  Scudder. 

Xiphidhim  nemornhy  Scudder,  Proc.  Bost.  8oc.  Nat.  Hist.,  XVII.,  1875, 

402. 
Id.,  Entom.  Notes,  IV.,  1875,  ()5. 
Id.,  Cent.  Orth.,  187t),  15.  ^ 

Id.,  Rep.  Ent.  Soc.  Ont.,  XXIII.,  1892,  75. 
McNeill,  Psyche,  VI.,  1891,  24. 
Bruner,  Can.  Ent,  XXIII,  1891,  59. 
Xiphidium  curtipeniw,  Redtenbacher,  Monograph  der  Conoceph.,  1891, 

208. 

A  rather  robust  species  with  the  general  color  a  dark,  greenish  brown  ; 
tegmina  light  reddish  brown  with  the  front  o'r  lower  area  fuscous.  Dor- 
sal stripe  of  occii)ut  and  pronotum  not  contrasting  so  strongly  with  the 
general  color  as  in  the  preceding  species,  margined  with  a  narrow  yellow 
line  on  each  side.  All  the  femora  punctate  with  reddish  dots,  the  tarsi 
and  tip  of  hind  femora  dusky.  Tegmina  with  the  veins  and  cross  veins 
unusually  prominent  giving  them  a  coarse  and  scabrous  look  ;  the  tympa- 
num of  male  stout  and  elevated.  Cerci  conical,  the  apex  obtuse,  but  lit- 
tle compressed.  Ovipositor  as  long  as  the  abdomen,  the  apical  half  with 
a  gentle  but  evident  upward  curve. 

Measurements:  Male — Length  of  body,  14  mm.;  of  tegmina,  8  mm. ; 
of  hind  femora,  12  mm. ;  of  i)ronotum,  3.5  m.  Female — I^n^th  of  body, 
15  m.m. ;  of  tegmina,  5.5  mm. ;  of  hind  femora,  !*>  mm. ;  of  ovipositor,  9 
mm. 

Redtenbacher,  in  his  Monographie,  has  evidently  described  this  species 
as  now  under  the  name  of  curtipennr.    His  specimenn  were  from  Missouri. 

Nemoralr  is  a  very  common  insect  in  Vigo  and  ]*utnam  counties  but  has 
not  as  yet,  been  taken  in  the  northern  part  of  the  State.  It  reaches  ma- 
turity about  August  15th  and  from  then  until  after  heavy  frosts  may  be 
found  in  numbers  along  the  borders  of  dry,  upland  woods,  fence  rows,  and 

■:■  Canadian  Ent.,  XXIII.  V.i. 
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roaclflides  where  it  delights  to  rest  on  the  low  shrubs,  blackberry  bushes, 
or  coarse  weeds  usually  growinjr  in  such  localities.  On  the  sunny  after- 
noons of  mid-autumn  it  is  especially  abundant  on  the  lower  parts  of  the 
rail  and  board  fences,  the  male  uttering  his  faint  and  monotonous  love 
call — a  sort  of  ch-e-ee-e — ch-e-e-e-c^  continuously  repeated — the  female  but 
a  short  distance  away,  a  motionless,  patient,  and  apparently  attentive 
listener.  When  in  coitu  the  male  does  not  mount  the  back  of  the  female, 
but,  with  his  body  reversed,  is  dragged  about  by  her,  this  being  the  com- 
mon practice  of  all  the  species  of  Xiphidium  and  Orchelimum.  NemoraU 
has  been  recorde<l  only  from  Nebraska,  Iowa,  and  Illinois  and  seems  to  be 
confined  to  the  northern  half  of  the  middle  United  States. 

aa.    Ovipositor  equal  to  or  longer  than  the  body. 
tl.    Length  of  posterior  femora  almost  equal  to  that  of  ovipositor. 
r.    Body  rather  stout;  the  tegmina  always  covering  more  than  half 
the  abtlomeii. 
/.    Abdomen  with  the  dorsal  surface  lij,'ht  brown,  the  sides  green, 
or  greenish  yellow. 

17.     XiririDiiM  KNsii'KRi  -H,  Scudder. 

Xiphidium  ensifery  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII.,  18«)2,  4.')!. 
Xiphidium  eimforme^  Id.,  liull.  V.  S.  (ieol.  and  Geog.  Surv.  Terr.,  1S76, 

II.,  2()1. 
Xiphidium  inwfennn,  Id.,  Sec.  Rep.  T".  S.  Ent.  Comm.,  1880,  Appen  II.,  2:>. 

Riley,  Stand.  Nat.  Hist.,  II.,  iaS4,  186. 
Comstock,  Int.  to  Ent.,  I.,  ISSS,  114. 
Wheeler,  Insect  Life,  II.,  ISiH),  222.  (Oviposition 

of.) 
McNeill,  Psyche,  VI.,  181>1,  24. 
Redtenbacher,  ^lonog.  der  CJonoceph.,  ISIM,  2(H). 
Very  similar  in  general  appearance  to  A'.  hreripi'nn*\  Scudder,  and  may 
be  only  a  variety  of  that  species.    Typical  examples  are  larger  with  a 
much  longer  ovipositor.    The  general  color  is  also  more  of  a  green  than  in 
hreiipenve ;  the  face,  sides  of  pronotum  and  abdomen,  and  the  four  an- 
terior femora  being  of  that  hue.    The  tejrmina  and  wings  are  light,  red- 
dish brown,  as  are  also  the  tibi;o  and  ovipositor;  the  latter  becoming  a 
deeper  brown  towards  the  apex.    Cerci  of  male  rather  stout,  with  the 
apical  half  curv-ed  slightly  outward  and  depressed.    Ovipositor  slender, 
straight. 
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Measurements:  Male — Length  of  body,  13.5  mm.;  of  teginina,  9  mm.; 
of  hind  femora,  13  mm.;  of  pronotum,  3.5  mm.  Female — Length  of  body, 
14.5  mm.;  of  tegmina,  8.5  mm.;  of  hind  femora,  14  mm.;  of  ovipositor, 
15  mm. 

Although  found  in  Indiana  wherever  collections  have  been  made,  this 
species  appears  to  be  less  common  than  either /oactoium  or  brevipenne.  It 
differs  from  them  also  in  the  manner  of  oviposition,  as,  instead  of  depositing 
its  eggs  in  the  stems  of  grasses,  it  seeks  the  turnip-shaped  galls  so  common 
on  certain  species  of  Salir  (willow)  and  oviposits  between  their  scales. 
The  gall  is  not  formed  by  the  Locustid,  but  by  a  Dipterous  insect  belong- 
ing to  the  family  of  CeddomyidEc,  Although  I  have  never  seen  the  eggs 
deposited  I  have  on  a  number  of  occasions  found  them  within  the  galls, 
but  did  not  know  to  what  insect  they  belonged  until  Mr.  Wheeler  pub- 
lished {loc.  cit.)  his  excellent  account  of  the  oviposition  of  this  species. 
From  that  I  quote  as  foUowsj  "  On  September  8th  I  observed  a  female 
in  the  act  of  ovipositon.  She  was  perched  with  her  head  turned  toward 
the  apex  of  the  gall.  Slowly  and  sedately  she  thrust  her  sword-shaped 
ovipositor  down  between  the  leaves,  and,  after  depositing  an  egg,  as  slowly 
withdrew  the  organ  in  order  to  recommence  the  same  (operation,  after 
taking  a  few  steps  to  one  side  of  where  she  had  been  at  work.  She  soon 
observed  me  and  slipped  away  without  completing  her  task.  The  num- 
ber of  eggs  found  in  a  gall  varies  considerably.  Sometimes  but  two  or 
three  will  be  found,  more  frequently  from  fifty  to  one  hundred.  In  one 
small  gall  I  counted  one  hundred  and  seventy."  The  egg  is  cream  colored, 
very  thin,  elongate  oval  in  outline,  and  measures  4x1  mm.^  The  young 
emerge  about  the  middle  of  May  and  reach  maturity  about  August  10th. 
Long-winged  forms  of  this  species  are  occasionally  met  with. 

On  October  21  a  pupa  was  taken  which  had  a  white  hair  worm  (Gordiuti) 
8i  inches  long  in  its  abdomen. 

Emiferum  was  first  described  from  Illinois,  and,  as  yet,  has  not  been 
recorded  east  of  the  Alleghany  Mountains. 

ff.    Abdomen  with  the  dorsal  surface  a  fuscous  brown,  the  sides  shining 
black. 


•>Mr.  B.  D.  Walsh,  in  the  Proc.  Ent.  Soc.  Phil..  III.,  ISiVt.  2:J2.  recorded  the  finding,  on 
numerous  occasions,  of  the  eggs  of  an  Orchdhnnm  in  the  turnip-shaped  galls  of  Salii 
cordata.  Their  shape  and  proportional  dimensions,  as  given  by  him.  differ  much  from 
those  of  X  enfifrrum,  as  they  were  cylindrical,  .16  to  .17  of  an  inch  long,  and  seven 
times  as  long  as  wide. 
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18.    XiPHiDU'M  xic;roi*leuri'm,  Bruner.    The  Black-eided  Grasshopper. 
Xiphidium  nigroplcurumy  Bruner,  Canad.  Entom.,  XXIII.,  1891,  58. 

Oebome,  Proc.  la.  Acad.  Sci.,  I.,  1862,  118. 
Blatchley,  Canad.  Ent.,  XXV.,  1893,  90. 

A  medium  sized,  rather  robust  species,  easily  distinguished  from  all 
others  of  the  genus  by  its  peculiar  coloration.  In  Indiana  dimorphic 
forms  occur ;  one  having  the  pronotum,  tegmina  and  legs  bright  grass 
green,  the  other  ^ith  these  parts  brownish  yellow,  the  green  wholly  ab- 
sent. Both  forms  have  the  stripe  on  the  occiput  and  the  sides  of  the  ab- 
domen shining  black ;  the  former  narrowing  in  front  to  the  width  of  the 
tubercle,  and  bordered  on  each  side  with  yellowish  white.  In  the  green 
forms  the  usual  brown  stripe  on  the  disk  of  pronotum  is  but  faintly  de- 
fined, in  the  other  it  is  very  evident. 

"  The  tegmina  are  usually  abbreviated,  reaching  only  four-fifths  of  the 
length  of  the  abdomen,  but  an  occasional  specimen  is  to  be  found  in 
which  the  wings  are  fully  developed  and  then  reach  to  the  ^tremity  of 
the  ovipositor  in  the  female.  Ovipositor  straight,  quite  broad  and  heavy. 
Male  cerci  of  medium  length,  rather  stout,  tapering  gently  toward  the 
apex,  and  with  a  strong  sub-basal  tooth." — Bruner,  (/oc.  cit.) 

Measurements:  Male — Length  of  body,  14  mm.;  of  tegmina,  9  mm.; 
of  hind  femora,  13.5  mm.;  of  pronotum,  3.5  mm.  Female — Length  of 
body,  15  mm.;  of  tegmina,  8.5  mm.;  of  hind  femora,  14  mm.;  of  ovipos- 
itor, 10  mm. 

In  Indiana  this  handsome  insect  is  known  to  occur  in  the  two  widely 
separated  counties  of  Fulton  and  Vigo,  but  in  restricted  localities  and 
small  numbers,  as  far  as  noted,  in  each.  In  Fulton  county  it  was  found 
only  in  a  broad,  shallow  dit<;h  by  the  side  of  a  railway  and  near  the  bor- 
der of  a  large  tamarack  swamp,  where  it  inhabited  a  space  not  more  than 
twenty  feet  square,  which  contained  several  dead  willow  branches,  sur- 
rounded by  a  dense  growth  of  sedge  and  Polygonum.  Here,  on  August 
26th,  four  females  were  taken  and  on  September  24th  two  Inales  and  two 
females.  These  were  all  that  were  seen,  although  a  careful  search  was 
made  over  a  wide  area  in  every  direction  for  others.  The  most  of  those 
secured  were  taken  by  clasping  the  hand  about  the  slender  willow 
branches  which  were  raised  a  few  inches  above  the  ground,  on  the  under 
side  of  which  the  insects  took  refuge  when  pursued.  A  single  male  taken 
from  the  margin  of  the  large  pond  mentioned  under  Coiuxephcdmpalustris, 
is  the  only  specimen  as  yet  seen  in  Vigo  county.    The  species  has  been 
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noted  before  only  in  Iowa  and  Nebraska,  but  probably  occars  in  suitable 
localities  throughout  northern  Illinois  and  northwestern  Indiana.  Of  its 
habits  in  Nebraska,  Bruner  has  written  as  follows :  *'  It  is  quite  plentiful 
among  the  rank  vegetation  on  low  moist  ground,  and  ie  especially  com- 
mon in  wet  places  where  the  "  cut  gras8  "  (Leernia  ori/zoideSf  Swartz)  grows. 
The  supposition  is  that  this  grass  offers  a  better  place  than  usual  for  the 
deposition  of  its  eggs,  which  are  deposited  between  the  leaves  and  stems 
of  grass.  (Irape  vines  and  other  creeping  plants  which  form  matted  clus- 
ters that  airord  shelter  from  the  noonday  sun  and  the  bright  light  of  day 
are  favorite  haunts  of  this  and  other  species  of  oar  nocturnal  grasshop- 
pers and  a  few  of  the  arboreal  crickets. '' 

Since  writing  the  above  I  have  received  a  pair  of  this  species  from  Mr. 
A.  P.  Morse,  Wellesly,  Mass.,  which  were  labelled  **  Ithaca,  N.  Y.,"  thus 
extending  eastward  its  known  habitat  by  more  than  7(M)  miles. 

ee.    Body  very  slender;  the  tegmina  exceedingly  short,  pad-like,  cover- 
ing only  one- third  of  abdomen. 

\\K     XiiMiiDRM  MonESTiM,  Bruuer. 

Xiphiduim  mo^hMum,  Bruner,  Can.  Knt ,  XXIII.,  1891,  oG. 

This  is  the  smallest  and  most  slender-bodied  Ix)cu8tid  found  in  the 
state.  It  is  a  dull,  reddish  brown  in  color,  except  the  stripe  on  the  occi- 
put and  disk  of  pronotum,  which  is  a  dark,  cho<u)late-brown,  the  two  col- 
ors being  separated  by  a  rather  wide  yellowish  line  which  in  living  speci- 
mens is  very  distinct. 

The  cone  of  vertex  is  short  and  rather  narrow.  Tegmina,  especially 
those  of  the  female,  verv  short  and  obtuselv  rounded.  Cerci  of  male 
elongate,  tapering,  a  little  curved  outward  and  armed  with  a  rather  long 
sub-basal  tooth.  Ovipositor  equalling  the  body  in  length,  very  slender 
and  tapering,  with  its  apical  half  slightly  upcurved. 

Measurements:     Male-Length  of  body,  10  mm.;  of  tegmina, '»  mm.;  of 
hind  femora,  9  mm.;  of  pronotum,!^  mm.     Female    I-iength  of  body,  11 
mm.;  of  tegmina,  2.5  mm.;  of  hin«l  femora,  O.o  mm.;  of  ovipositor,  11  mm. 

As  yet  noted  only  at  one  point  in  the  state,  namely,  the  border  of  a  raw 
prairie  near  llecklan<l,  Vigo  county,  where  it  was  found  in  small  num- 
bers on  October,  lilst.  It  appears  to  be  less  active  than  any  other  Xiphi- 
diuni,  leaping  a  shorter  distance  when  disturbed,  and  frequenting  the  sur- 
face of  the  ground  rather  than  the  stems  of  the  tall  prairie  grasses  among 
which  it  makes  it  home.    It  will  probably  be  found  throughout  the  prui- 
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rie  region  of  the  state,  but  has  not  before  been  recorded  east  of  the  Mis- 
sissippi river,  although  it  is  said  by  Bruner  to  be  very  plentiful  in  Ne- 
braska, Iowa  and  Kansas. 

dd.    Posterior  femora  much  shorter  than  the  ovipositor ;  the  latter  of 
excessive  length. 
(J.    The  common  form  with  the  tegmina  very  short,  lees  than  half 
the  length  of  the  abdomen ;  the  sides  of  the  body  green. 

20.     XiPniDii'M  sTRKTLM,  Scuddcr. 

Xiphidiam  strictum,  Scudder,  Proc.  liost.  Soc.  Nat.  Hist.,  XVII.,  ISTo,  4()0. 

.    Id.,  Entom.  Notes,  IV.,  1875,  63. 
Id.,  Cent,  of  Orthop.,  1871),  13. 
Bruner,  Bull.  Washb.  Coll.  I^b.  Nat.  Hist.,  I.,  lS8r>, 

12S. 
McNeill,  Psyche,  VI.,  1891,  24. 
Hedtenbacher,  Monojr.  der  Conoceph.,  1891,  20."). 
This  is  a  species  with  the  body  rather  slender,  of  more  than  average 
length ;  constant  in  color  but  dimorphic  as  respectn  the  length  of  wings, 
the  long  winged  forms,  however,  being  very  scarce.  Sides  of  head  and 
body  together  with  all  the  femora  green.  The  usual  reddish  brown  stripes 
on  occiput  and  pronotum  narrowly  edged  with  whitish,  especially  on  the 
fastigium  of  the  vertex.  Tegmina  reddish  brown ;  in  the  females  exceed- 
ingly short  and  pad  like,  or  well  developed  and  reaching  almost  to  knees ; 
when  the  former,  a  little  longer  than  the  wings  ;  when  the  latter,  5  mm. 
shorter  than  the  wings.  In  the  brachypterous  males  (the  only  ones  I  have 
seen)  the  tegmina  are  somewhat  less  than  half  the  length  of  the  abdomen. 
A  reddish  brown  band  on  dorsal  surface  of  abdomen,  darker  where  it 
meets  the  green  on  sides.  Ovipositor  pale  red,  straight,  one  and  a  half 
times  the  length  of  the  posterior  femora.  Cerci  of  male,  long,  the  apical 
half  acuminate,  curved  slightly  inward  near  the  tip. 

Measurements  :  Male — Length  of  body,  14  mm.;  of  tegmina,  5.5  mm.; 
of  pronotum,  3.5  mm.;  of  hind  femora,  13.5  mm.  Female — Length  of  body, 
17  mm.;  of  tegmina,  short  winded  form,  3.5  mm.;  long  winged  form,  Ki  ram.; 
of  hind  femora,  15.5  mm.;  of  ovipositor,  23  mm. 

A  common  species  in  the  prairie  country  of  the  western  and  northern 
parts  of  the  state,  where  it  frequents,  for  the  most  part,  dry  upland  mead- 
ows and  prairies  and  reaches  maturity  about  August  5th.  An  active 
leaper  and  tumbler  and,  like  the  next  species,  often  striving  to  escape  de- 
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tection  by  burrowing  beneath  fallen  weeds  and  grasses.  Its  general 
range  is  to  the  west  and  southwest,  it  having  first  been  described  from 
Texas,  and  it  has  not  heretofore  been  recorded  east  of  Illinois. 

gg.    The  common  form  with  the  tegmina  covering  three-fourths  or 
more  of  abdomen ;  sides  of  body  dull,  reddish  brown. 

21.    XiiMciDiiM  ATTENLATiTM,  8cudder.    The  Lance-tailed  Grasshopper. 
XiphidUnn  aitenuaturfiy  Scudder,  Trans.  Am.  Ent.  Soc,  XL,  18()9,  305, 

(Ix)ng  winged  form. ) 
Bruner,  Canad.  Entom.,  XXIII.,  1891,  57. 
Id.,  Entom.  News,  III.,  1S92,  2(>5. 
Kedtenbacher,  Monog.  der  Conoceph.,  1891,  191. 
(Long  winged  form.) 
Xiphidium  naidderif  Blatchley,  Canad.  Entom.,  XXIV.,  1892,  26.  (Short 

winged  form.) 
f  Xiphidium  lanceolaium^  Osborne,  Proc.  la.  Acad.  Sci.,  I.,  1892,  119. 
A  medium  sized  grasshopper  with  the  sides  of  head  and  body  dull  reddish 
brown.  Vertex,  disk  of  pronotum,  and  tegmina  greenish  brown  in  life, 
the  former  with  the  usual  dark  brown  median  stripe.  Femora  greenish 
brown,  very  rarely  bright  green,  the  tibia*  and  tarsi  darker.  Tegmina  and 
wings  either  abbreviated  or  fully  developed — when  the  former,  covering 
about  three- fourths  of  the  abdomen,  when  the  latter  considerably  surpass- 
ing its  tip  in  both  sexes.  AntennH*  with  the  basal  third  reddish,  the 
remainder  fuscous,  longer  than  in  any  other  member  of  the  genus  belong- 
ing to  our  fauna,  measuring  73  mm.  in  one  specimen  at  hand.  Ovipositor 
also  longer  than  in  any  other ;  slender  and  nearly  straight,  the  apex  very 
acuminate;  cerci  of  male  long,  broad,  with  the  apical  third  gently  taper- 
ing, the  basal  tooth  minute,  slender. 

Measurements:  Male — Length  of  body,  14  mm.;  of  pronotum,  8  mm.; 
of  tegmina,  short  form,  10  mm ;  of  hind  femora,  14.5  mm.  Female — length 
of  body,  IG  mm.;  of  tegmina,  9.5  mm.;  of  hind  femora,  15  mm.;  of  oviposi- 
tor, 27—30  mm. 

In  Indiana  the  ^*  Lance- tailed  Grasehopper"  has,  up  to  the  present,  been 
recorded  only  in  Vigo  county  where  it  is  common  about  the  margins  of 
two  large  ponds  in  the  Wabash  river  bottoms,  but  is  found  nowhere  else. 
The  distance  between  these  two  ponds  is  15  miles  and  the  one  to  the  south 
is  surrounded  on  all  sides  with  heavy  timber.  About  its  margins  on  Sep- 
tember 5th,  1892,  mature  specimens  of  A'.  aUemiatum  were  very  plentiful 
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bat  no  youilg  were  seen.  On  the  next  day  the  young  in  all  stages  were 
found  at  the  north  pond,  which  lies  in  an  open  prairie  region,  while  but 
one  imago  was  noted.  Ten  days  later  the  north  pond  was  again  visited 
and  many  imagoes  secured,  although  the  young  were  still  plentiful. 

The  difference  in  time  of  development  at  the  two  ponds  is  probably 
due  to  the  surrounding  forest  which  shelters  the  one  to  the  southward,  sa^ 
about  its  margins  occur  the  four  southern  species  of  Orthoptera  mentioned 
above  in  the  notes  on  Conocephaltis  paluMrimj  not  one  of  which  has  been 
found  at  the  north  pond. 

The  males  of  altenaaium  are,  as  far  as  my  experience  ^oes,  the  most  active 
leapers  among  the  winged  Locustida>,  jumping  a  half  a  dozen  or  more 
times  without  pause  when  flushed,  and  in  the  net  leaping  so  rapidly  from 
side  to  side  as  to  prevent  capture  with  the  iingers.  The  females  are  evi- 
dently handicapped  in  their  leaping  powers  by  the  excessive  length  of  the 
ovipositor,  and  so  more  often  endeavor  to  escape  by  burrowing  beneath 
the  dense  masses  of  fallen  grass  and  reed  stems  which  are  always  found  in 
their  accustomed  haunts. 

I  find  that  the  length  of  the  ovipositor  among  the  different  species  of 
Xiphidium  is  not  at  all  dependent  upon  the  age  of  the  insect.  In  aHenuatom 
it  is  almost  as  long  after  the  third,  and  fully  as  long  after  the  fourth  moult 
as  it  is  in  the  imago;  while  on  August  11th  a  female  of  strictnm  was  taken 
with  no  vestige  of  tegmina  in  which  the  ovipositor  measured  18  mm. 
The  eggs  of  at(eauaiun),  as  the  length  of  the  ovipositor  indicates,  are  laid 
between  the  stems  and  leaves  of  tall,  rank  grasses. 

Only  the  short  winged  form  of  this  species  haa  been  noted  in  Indiana, 
but  Prof.  Bruner  has  taken  the  long  winged  form  in  Nebraska,  and  Mr. 
Scudder  described  it  from  the  latter  taken  in  Illinois;  though  McNeill 
makes  no  mention  of  the  species  in  his  list  of  Orthoptera  from  that  state. 
Kedtcnbacher,  in  his  Monographie,  has  copied  Scudder's  description  and 
has  separated  the  species  from  all  others  of  those  from  America  to  which 
it  is  closely  allied,  placing  it  next  to  fasciatum,  with  which  it  has  little  af- 
finity, by  virtue  of  the  wing  characters  alone. 

VII.    OHniEUMUM,  Serville  (1831). 

Locustidte  of  medium  size,  but  with  a  short  and  stout  body.  Vertex, 
face  and  eyes  much  as  in  Xiphidium.  Spines  of  the  prosternum  well  de- 
veloped, cylindrical  and  slender.  Antenna^  slender  and  tapering,  usually 
of  excessive  length.  Wing  covers  narrow,  the  apical  half  often  much 
less  in  width  than  the  basal,  exceeding  the  abdomen  in  all  of  our  species; 
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almost  always  shorter  than  the  wings.  Stridulating  organ  of  the  male 
as  in  Xiphidiumy  bat  proportionally  larger.  Ovipositor  stoat,  broad,  with 
the  apical  half  usaally  upcurved ;  when  straight  the  apical  third  tapers 
rather  abruptly  on  the  under  side  to  a  fine  point.  Anal  plates  and  cerci 
of  males  as  in  Xiphidium, 

Very  close  to  Xiphidium j  and  by  some  writers  united  with  that  genus. 
Kedtenbacher  places  it  as  a  sub-genus  of  Xiphidhnn,  separating  its  mem- 
bers from  those  of  Xiphidium  proper  by  the  same  characters  as  did  Ser- 
ville.  As  scientists  differ  in  opinion  with  respect  to  what  characters  are 
necessary  to  constitute  a  genus,  and  as,  at  the  best,  it  is  but  an  artificial 
and  arbitrary  grouping  of  species  for  the  sake  of  convenience,  I  follow 
Serville,  8cudder  and  Bruner  in  separating  the  two,  believing  that  the 
prime  idea  of  convenience  can  thus  be  better  subserved. 

As  seen  above,  the  larger,  heavier  body,  longer  prosternal  spines,  and 
shorter  and  broader  falcate  ovipositor  are  the  chief  distinguishing  char- 
acters of  Orchelimum.  The  wing  covers  are  more  uniform  in  length,  and 
the  color,  while  of  slightly  different  shades  of  brown  or  green  in  the  same 
species  according  to  season  and  habitat,  does  not  run  to  the  extremes  of 
variation  as  in  Xiphidium, 

The  generic  name,  Orchelimum,  the  literal  meaning  of  which  is  *'I  dance 
in  the  meadows,"  is  a  most  appropriate  one,  for  low,  moist  meadows 
everywhere  swarm  with  these  insects  from  July  to  November ;  and  though 
waltzes  and  quadrilles  are  probably  not  indulged  in,  yet  the  music  and 
song,  the  wooing  and  love-making  which  are  the  natural  accompaniments 
of  those  amusements,  are  ever  present,  and  make  the  short  season  of  ma- 
ture life  of  the  participants  a  seemingly  happy  one. 

Nine  species  of  the  genus  have  been  taken  by  the  writer  within  the 
State,  and  probably  several  others  occar  which  have  not  as  yet  been  dis- 
covered. 

a.    Ovipositor  with  a  very  evident  curve ;  its  length  less  than  10  mm. 
b.    Face  without  a  median  brown  stripe, 
c.    Posterior  femora  unarmed  beneath. 
d.    Tegmina  broadest  at  base ;  the  apical  third  narrower ;  body 
robust. 
€.    Tegmina  and  wings  sub-equal  in  length  ;  size,  medium. 

22.    Orciielimitm  vulqare,  Harris.    The  Common  Meadow  Grasshopper. 
Orchelimum  vulgare,  Harris,  Ins.  Inj.  to  Veg.,  1862,  102,  fig.  77. 
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Bniner,  Bull.  Washb.,  Coll.  I^b.  Nat.  Hist.,  I.,  1885, 

129.    • 
Comstock,  Int.  Entom.,  I.,  1888,  114. 
Smith,  Ins.  of  N.  Jersey,  1890,  411. 
Id.,  Bull.  Ag.  Coll.  Exp.  Stat.  N.  Jer.,  No.  ^M),  1892, 

5,  22,  31,  fig.  13,  pi.  II. 
McNeill,  Psyche,  VI.,  1891,  25. 
Osborne,  Proc.  la.  Acad.  Sci.,  1892,  118. 
Xiphidiiim  vulgare,  Fern  aid,  Orth.  N.  Eng.,  1884,  24. 
Xiphidiwn  fofciatum,  Thomas,  Trans.  111.  St.  Agl.  Soc,  V.,  1865,  444. 

(Not  X  fasfciaium,  DeGeer.) 
Xiphidinm  agile,  Redtenbacher,  Monog.  der  Conoceph.,  1891,  186.   (In 

part.) 
A  medium  sized,  robugt  species,  with  the  general  color  green  or  light 
reddish  brown.  Face  light  green  or  light  brown  without  fuscous  marks. 
The  occiput  and  disk  of  pronotum  with  a  reddish  brown  band,  widening 
on  the  latter,  where  it  is  often,  especially  in  the  male,  bordered  on  each 
side  with  a  darker  line.  The  male  (as  in  most  of  our  species)  with  two 
short,  black  dashes  on  each  wing  cover,  the  four  forming  the  angles  of  an 
assumed  square,  enclosing  the  tympanum.  The  legs  usually  pale  brown, 
the  tarsi  dusky.  Pronotum  long,  its  posterior  lobe  but  slightly,  if  at  all, 
upturned  above  the  plane  of  the  anterior,  itn  hind  margin  broadly  rounded. 
Tegmina  reaching  to  or  very  slightly  beyond  the  apex  of  hind  femora, 
and  equalling  or  very  little  shorter  than  the  wings.  Cerci  of  male  rather 
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long,  the  apex  bluntly  roanded,  a  little  depressed ;  sub-basal  tooth  some- 
what-flattened, with  the  tip  sharp  and  decurved. 

Measurements:  Male— Length  of  body.  18  mm.;  of  pronotum,  6  mm.; 
of  tegmina,  21  mm.;  of  hind  femora,  18  mm.  Female — Length  of  body, 
19  mm.;  of  pronotum  6.2  mm.;  of  tegmina,  21  mm.;  of  hind  femora,  18.5 
mm.;  of  ovipositor,  7.5  mm. 

Redtenbacher  places  vulgare  as  a  synonym  of  DeGeer's  Xiphidium  agih'y 
stating  as  his  reason  for  so  doing  that  Harris  and  Scudder  have  separated 
the  two  '^  on  account  of  small  differences  in  the  color  and  size  of  the  wing 
covers,  as  well  as  in  the  length  of  the  ovipositor. *'  He  may  be  right  in 
thus  combining  them,  but  his  relative  measurements  of  A*^  agiUj  as  given, 
do  not  agree  with  specimens  of  undoubted  vulgare  in  my  possession. 
Scudder,  who  has  had  ample  opportunity  to  compare  the  two,  says  (Best. 
Journ.  Nat.  Hist.)  that  the  pronotum  is  shorter  in  agik  than  in  vuigare. 
Redtenbacher's  measurements  of  this  organ,  as  well  as  those  of  the  hind 
femora,  are  much  less  than  the  average  measurements  given  above.  Har- 
ris, as  well  as  Burmeister,  states  that  the  tegmina  of  agile  are  2.5  mm. 
shorter  than  the  wings,  while  McNeill,  in  his  description  of  0.  sUmticumf^ 
says  that  agile  has  the  hind  femora  armed  beneath.  Taking  all  these 
facts  into  consideration,  though  having  no  typical  example  of  ag^Ue  for 
comparison,  1  have  concluded  not  to  follow  Redtenbacher  but  to  retain 
for  tlie  species  at  hand  the  name  vulgare,  by  which  it  is  best  known  to 
the  entomologists  of  the  United  States. 

This  is  probably  the  most  abundant  member  of  the  family  Locustidjo 
found  in  Indiana.  It  begins  to  reach  maturity  in  the  central  part  of  the 
State  about  July  20th,  and  more  frequently  than  any  other  of  our  species 
of  Orchelimum  it  is  found  in  upland  localities,  along  fence  rows,  and  in 
clover  and  timothy  meadows.  In  early  autumn  it  seems  to  be  very  fond 
of  resting  on  the  leaves  and  stems  of  the  ironweed,  Vemaiiia  faschulalaj 
Michx.,  so  common  in  many  blue  gra^:s  pastures.  Vulgare  seems  to  be 
somewhat  carnivorous  in  habit,  as  on  two  occasions  I  have  discovered  it 
feeding  upon  the  bodies  of  small  moths  which  in  some  way  it  had  man- 
aged to  capture.  The  note  of  the  male  has  been  well  represented  by  Mc- 
Neill as  **the  familiar  zipzlp-zipzip-ze-e'e-e— the  staccato  first  part  being 
repeated  about  four  times,  usually  about  twice  a  second;  the  ze-e-e-e  con- 
tinuing from  two  or  three  to  twenty  or  more  seconds." 
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ef.    Tegmina  distinctly  shorter  than  wings ;  size  large. 

23.  Orchelimum  tiLABERKiMUM,  (Burmeister.) 

Xiphidium  glabernmum,  Barmeister,  Handb.  der  Ent.,  II.,  1838,  707. 

Fernald,  Orth.  N.  Eng.,  1888,  25. 

Redtenbacher,Monog.derConoceph.,  1891, 187. 
Orchdimam  glaberrimnm  Scudder,  Boat.  Joum.  Nat.  Hist.,  VII.,  1862,453. 

Walsh,  Proc.  Eat.  Soc.  Phil.,  UL,  1864,  232. 

Riley,  Stand.  Nat.  Hist.,  II.,  1884, 186. 

Bruner,  Bull.  Washb.  Coll.  Lab.  Nat.  Hist.,  I., 
1885,  128. 

Comstock,  Int.  to  Entom.,  I.,  1888,  114. 

Smith,  Ins.  N.  Jer.,  1890,  410. 

McNeil,  Psyche,  VI.,  1891,  25. 
Very  close  to  and  perhaps  only  a  larger  form  of  0.  vulgare.  The  general 
color  is  the  same,  bat  the  brown  line  on  the  disk  of  pronotum  is,  in  the 
female,  more  plainly  margined  with  black,  while  in  the  male  the  black 
dashes  at  ends  of  tympanum  are  larger  and  more  completely  enclose  that 
organ.  The  tegmina  of  the  male  exceed  the  hind  femora  by  about  4  mm.^ 
and  are  exceeded  by  the  wings  about  the  same  distance ;  those  of  the  fe- 
male are  proportionally  a  little  shorter. 

Measurements:  Male — Length  of  body,  22.5  mm.;  of  pronotum,  6  mm.; 
of  tegmina,  25  mm.;  of  hind  femora,  19  mm.  Female— Length  of  body, 
23  mm.;  of  pronotum,  6.5  mm.;  of  tegmina,  24  mm.;  of  hind  femora,  19 
mm.;  of  ovipositor,  8.5  mm. 

Burmeister's  original  description  of  this  species  is  very  short  and  not 
distinctive.  It  is  as  follows :  "  Verticis  et  pronoti  medio  fulvo,  nigro- 
marginato;  elytris  ab  alls  dimidia  linea  superatis.  Ix)ng.  corp.,  11^^^."  Bur- 
meister knew  but  two  species  from  the  United  States,  and  this  short  de- 
scription was  sufficient  for  him  to  distinguish  these,  but  of  the  twenty  or 
more  species  now  known  it  is  difficult  to  say  just  which  one  he  had  in 
mind  when  he  wrote  the  above.  Of  the  specimens  referred  to  this  species 
I  have  but  three  examples.  One  is  from  Fulton  county,  the  other  two 
from  Mgo.  They  were  taken  from  tall  grass  growing  near  the  margin  of 
ponds.    Nothing  distinctive  of  their  habits  is  known. 

dd.    Tegmina  of  equal  width  throughout ;  body  slender. 

24.  Orchei.imum  campehtre,  Blatchley. 

Orcheliinum  campestrBf  Blatchley,  Canad.  Entom.,  XXV.,  1893,  91. 


A  species  of  less  than  medium  size,  with  the  wing*  covers  narrow  and 
of  almost  equal  width  throughout,  the  posterior  femora  unarmed  beneath, 
and  the  ovipositor  short  and  narrow. 

Cone  of  the  vertex  prominent,  narrow,  rounded  at  the  apex ;  the  sides 
of  the  frontal  deflexed  portion  rapidly  converging  to  form  a  very  acute 
wedge.  Wing-covers  long,  slender,  not  narrowed  in  the  middle  as  in  O. 
vulgarCy  glaherrimumy  etc.,  tapering  slightly  on  the  apical  third  to  a  rounded 
end ;  their  length  equalling  that  of  the  wings  in  the  male,  a  little  shorter 
in  the  female.  Posterior  femora  with  the  basal  half  quite  stout,  the  length 
less  than  that  of  the  tegmina.  Gerci  of  male  slender,  cylindrical,  some- 
what pointed,  the  apical  half  curved  slightly  outwards,  the  basal  tooth 
short  and  weak.  Ovipositor  short,  narrow,  moderately  upcurved,  and 
tapering  to  a  delicate  point. 

Color. — Tegmina  and  wings  almost  uniform  transparent  olivaceous  brown. 
The  usual  dark  reddish-brown  band  upon  the  occiput  and  disk  of  pro- 
notum  is  margined  on  the  latter  with  two  very  narrow  and  darker  brown 
stripes,  which  extend  back  to  the  middle  of  the  posterior  lobe  of  the 
pronotum.  Face,  and  usually  the  hind  femora,  a  dirty  olive  brown;  the 
latter,  when  dry,  with  a  blackish  longitudinal  band  on  the  exterior  face. 
In  the  female  the  only  green  on  the  body  is  on  the  lower  part  of  the  sides 
of  the  pronotum  and  on  the  anterior  femora.  The  only  male  at  hand  has 
the  posterior  femora  green,  but  otherwise  is  colored  like  the  females. 
Ovipositor  light  reddish-brown. 

Measurements. — Length  of  body,  male,  17.5  mm.;  female,  19  mm.;  of 
pronotum,  male,  4.5  mm.;  female,  5  mm.;  of  tegmina,  male,  20.5  mm.; 
female,  24.5  mm.;  of  antennae,  male,  40  mm.;  of  posterior  femora,  male,  17 
mm.;  female,  17.5  mm.;  of  ovipositor,  7  mm. 

This  dull  colored  grasshopper  has  been  found  in  small  numbers  in  both 
Vigo  and  Fulton  counties,  in  upland  prairie  meadows,  where  it  frequents 
the  tall  grasses,  usually  in  company  with  Xiphidium  strictunij  Scudder. 

It  is  a  smaller  and  more  slender  bodied  insect  than  the  common  0. 
viilgare,  Harris,  and  has  a  shorter  and  narrower  pronotum  and  a  much 
smaller  ovipositor  than  that  species. 

cc.    Apical  half  of  posterior  femora  armed  beneath  with  several  small 
spines. 
/.    All  the  tibia'  and  tarsi  black  or  dark  brown. 
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25.    Orcheumum  nigripeh,  Scudder.    The  Black-lejjged  Grasshopper. 

Orchelimum  nigripes,  Scudder,  Proc.  Boat.  Soc.  Nat.  Hist.,  XVII.,  1875, 

450. 

Id.,  Entoin.  Notes,  IV'.,  1875,  62. 

Id.,  Cent.  Orthop.,  1S79,  12. 

Id.,  Rep.  Ent.  Soc.  Ont.,  XXIII.,  1892,  7:5. 

Bruner,  Bull,  Washb.,  Coll.  Lab.  Nat.  Hist.,  I., 
1H85,  128. 

McNeill,  Psyche,  VI.,  1891,  25. 

Redtenbacher,  Monog.  der  Conoceph.,  1891,  188. 

Osborne,  Proc.  la.  Acad.  Sci.,  I.,  1892,  118. 

Blatchley,  Canad.  Ent.,  XXV.,  1S93,  93. 
Somewhat  smaller  than  0.  ntlgare;  the  body  moderately  robust.  Pro- 
notum  short,  the  posterior  lobe,  especially  in  the  male,  rather  strongly 
upturned.  Tegmina  a  little  shorter  than  the  wings,  surpassing  slightly 
the  hind  femora.  The  shrilling  organ  of  the  male  is  unusually  large  and 
prominent  with  strong  cross  veins,  and  behind  it  the  tegmina  taper  rap- 
idly on  both  margins ;  their  shape  and  the  size  of  the  tympanum  causing 
the  male  to  appear  somewhat  peculiar  and  much  more  robust  than  it 
really  is.  Hind  femora  armed  on  apical  half  of  lower  outer  carina  with 
from  one  to  four  small  spines.  Cerci  of  male  slender,  tapering,  the  apex 
a  little  obtuse;  the  sub-basal  tooth  long,  slender  and  a  little  curv^ed. 
Ovipositor  rather  long,  broadest  in  the  middle,  tapering  to  a  delicate  point. 
The  males  vary  much  in  size.  General  color  green  or  reddish-brown,  the 
former  prevailing  in  the  male,  the  latter  in  the  female.  Occiput  and  disk 
of  pronotum  with  the  usual  brown  markings.  Front  and  sides  of  head, 
and  four  front  femora,  reddish  yellow.  All  the  tibia*  and  tarsi,  together 
with  the  apical  third  of  hind  femora,  black  or  dark  brown  ;  in  one  speci- 
men at  hand  the  whole  body,  except  the  wing-covers  and  femora,  black. 

Measurements:  Male — Length  of  body,  18  mm.;  of  pronotum,  5  mm.; 
of  tegmina,  21  mm.;  of  hind  femora,  16  mm.  Female — I-«ngth  of  body, 
10  mm.;  of  tegmina,  22  mm.;  of  hind  femora,  17  mm.;  of  ovipositor,  0  mm. 
A  lowland  species,  which,  in  Vigo  county,  is  excessively  common  from 
August  1st  to  October  15th,  about  the  river  bottom  ponds  mentioned 
above,  where  it  frequents  the  stems  and  leaves  of  the  different  species  of 
Polygonum^  or  smart  weed,  growing  in  the  shallow  water.  A  few  specimens 
have  been  taken  in  Putnam  county,  and  a  single  male  from  the  margin  of 
a  tamarack  swamp  at  Kewanna,  Fulton  county,  so  that  it  probably  occurs 


in  suitable  localities  throughout  the  state.  It  was  fifst  described  from 
Texas  and  has  not  before  been  recorded  east  of  Illinois,  though  it  has  been 
taken  by  myself  at  Celina,  Ohio.  It  song  is  much  more  faint  than  that  of 
0.  ndgare,  and  ihez-e'e-e-c  is  much  less  prolonged. 

//.    The  tibij^.  and  tarsi  green  or  reddish-brown. 

20.    Okciiklimim  silvaticcm,  McNeill. 

OrcheJimum  ifihxUicumf  McNeill,  Psyche,  VI.,  February,  1891,  26. 

Scudder,  liep.  Ent.  Soc.  Ont.,  XXIII.,  1892,  78. 
f  Xiphidium  spinvhmmy  Redtenbacher,  Monog.  der  Conoceph.,  April, 

1891,  189. 

A  somewhat  smaller  and  less  robust  species  than  0.  ivlgarcy  though  the 
proportional  meaaurements  of  the  two  are  almost  the  same.  The  pro- 
notum  is  shorter,  the  tegmina  more  narrow,  and  in  the  female  the  latter 
are  slightly  'exceeded  by  the  wings ;  equalling  them  or  a  little  shorter  in 
the  male.  The  hind  femora  reach  to  or  slightly  beyond  the  apex  of  teg- 
mina and  are  armed  on  the  lower  outer  carina  with  three  or  four  minute 
spines.  The  general  color  is  the  same  as  that  of  vulgare^  but  the  blackish 
stripeti!  on  the  margin  of  the  brown  discal  stripe  of  pronotum  are  more  dis- 
tinct than  in  that  species. 

Measurements:  Male — I^ength  of  body,  17.5  mm.;  of  pronotum,  4.5  mm.; 
of  tegmina,  10.5  mm.;  of  hind  femora,  15  mm.  Female — I^ength  of  body, 
17.5  mm.;  of  tegmina,  17  mm.;  of  hind  femora,  15  mm.;  of  ovipositor,  8  mm. 

I  am  inclined  to  believe  that  Kedtenbacher's  Xiphidium  sjymulomm  is  thjs 
species.  The  measurements  as  given  by  him  are  somewhat  greater,  but 
otherwise  the  description  agrees.  McNeill's  name,  however,  has  the 
priority. 

In  Indiana  this  species  has,  up  to  the  present,  been  taken  only  in  Vigo 
county,  where  it  frequents  the  borders  of -cultivated  fields  and  open  woods, 
reaching  maturity  about  August  20th.  "  Its  stridulation,"  says  McNeill, 
"  is  quite  distinct  from  that  of  tW^u re.  It  consists  of  the  same  two  ele- 
ments, but  the  zip  is  repeated  many  times  very  rapidly  so  as  to  make 
almost  a  continuous  sound  and  the  z  e-e-ee  is  comparatively  short  and  very 
constant,  lasting  about  eight  seconds.  The  first  part  of  the  song  lasts 
from  three  to  live  seconds." 

hb.    Face  with  a  dark  reddish-brown  stripe  down  the  center. 

g.    Stripe  broadly  expanded  on  the  lower  half  of  face.     Size 
medium. 
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27. 


Orciielimim  concixxum,  .Scudder. 


Orchelwium  concinnumf  Scudder,  Bost.  Journ.  Nat.  Hist.,  VII.,  1862,  452. 

Riley,  Stand.  Nat.  Hist.,  II.,  1884,  187. 

Comstock,  Int.  to  Entom.,  I.,  1888,  115. 

Smith,  Ins.  N.  Jer.,  181K),  410. 

McNeill,  Psyche,  VI.,  1891,  25. 

Bruner,  Canad.  Entom.,  XXIIL,  1891,  71. 
Xlphidium  cancinnum,    Fernald,  Orth.  N.  Eng.,  1888,  25. 

Redtenbacher,  Monog.  der  Conoceph.,  1891, 188. 
A  species  of  medium  size  with  a  body  less  robust  than  that  of  0.  vulgare. 
General  color  brownish-green;  the  female  darker.  The  reddish-brown 
dorsal  stripe  of  pronotum  and  occiput  passes  over  the  fastigium  and  down 
the  face  broadening  above  the  labrum  to  cover  the  whole  lower  half  of 
face.  The  tegniina  of  male  brownish-green,  a  little  shorter  than  the 
wings ;  of  the  female  darker  and  equal  to  or  a  little  longer  than  the  wings. 
Pronotum  short.  Hind  femora  rather  slender,  unarmed  beneath.  Cerci 
of  male  with  the  apex  obtuse,  a  little  compressed,  the  sub-basal  tooth 
rather  slender.  Ovipositor  less  curved  than  that  of  0.  vulgare  and  with  a 
very  sharp  point. 

Measurements :  Male — Length  of  body,  18  mm.;  of  pronotum,  5.5  mm.; 
of  tegmina,  21  mm.;  of  hind  femora,  in  mm.  Female — length  of  body, 
19  mm.;  of  tegmina,  20  mm.;  of  hind  femora,  17  mm.;  of  ovipositor,  8  mm. 
A  rare  species  in  Vigo  and  Putnam  counties,  and  aa  yet  not  noted  in 
the  norlhem  part  of  the  state.  It  frequents  the  weedy  and  grassy  mar- 
gins of  marshes  and  lowland  ponds  und  reaches  maturity  about  August 
15th. 

gg.    Facial  stripe  of  equal  width  throughout.    Size  small. 

28.    Orchklimlm  indianknsk,  Blatchley. 

Orchdimnm  Indianense,  Blatchley,  Canad.  Entom.,  XXV.,  1893,  90. 
A  slender-bodied  insect,  with  a  dark  median  streak  down  the  face,  and 
having  the  posterior  femora  unarmed  beneath.  The  cone  of  the  vertex 
is  short,  rather  narrow,  with  a  rounded  apex.  The  tegmina,  narrow,  tap- 
ering, a  little  shorter  than  the  wings,  and  of  a  delicate,  almost  gauze-like 
texture.  Posterior  femora  slender,  shorter  than  the  closed  tegmina. 
Anal  cerci  of  male  of  medium  size,  longer  than  the  subgenital  plate,  tap- 
ering to  a  dull  point ;  the  basal  tooth  short,  with  a  broad  base  and  a  very 
sharp  point.  The  ovipositor  of  female  of  less  than  average  width  and 
lengthy  the  apical  half  with  a  gentle  upward  curve. 


Color  of  dried  specimens :  Tegmina  and  wings  a  transparent  whitish, 
tinged  with  green  on  the  front  or  lower  longitudinal  nerves ;  the  cross 
nervules  of  the  latter  darker.  Sides  of  pronotum  and  abdomen,  and  all 
the  femora,  light  green;  the  tibiae  and  tarsi  of  a  brownish  hue.  Face 
yellowish  white,  with  a  dark  reddish  brown  strips  the  width  of  the  lab- 
rum,  starting  with  the  mouth  and  passing  upward  to  the  vertex,  where 
it  narrows  to  the  width  of  that  organ ;  then,  broadening  on  the  occiput,  it 
passes  back  to  the  front  border  of  the  pronotum,  where  it  divides  into  two 
narrow  streaks,  which  enclose  a  whitish  area  and  extend  a  little  beyond 
the  posterior  transverse  suture,  where  they  taper  to  an  end.  Subgenital 
plate  of  male  yellow.  Basal  third  of  ovipositor  dark  brown,  the  re- 
mainder light  reddish-brown. 

Measurements:  Length  of  body,  male,  17  mm.;  female,  17.5  mm.;  of 
pronotum,  male  and  female,  4  mm.;  of  tegmina,  male,  21  mm.;  female,  19 
mm.;  of  hind  femora,  male,  14  mm.;  female,  15.5  mm.;  of  ovipositor,  7.5 
mm. 

This  graceful  and  prettily  marked  species  was  found  to  be  quite  com- 
mon among  the  rank  grasses  and  sedges  growing  about  the  margins  of  a 
tamarack  swamp  near  Kewanna,  Fulton  county.  It  was  first  taken  on 
August  20th  and  again  on  September  24th,  when  it  appeared  more  plen- 
tiful than  before.  It  is  the  smallest  and  moat  slender  of  the  nine  species 
of  the  genus  so  far  known  to  occur  in  the  state,  and  its  markings  are  very 
distinct  from  those  of  any  of  the  others. 

aa.    Ovipositor  straight  or  nearly  so,  the  under  side  of  apical  third  tap- 
ering rather  abruptly  to  a  line  point ;  its  length  10  or  more  mm. 
h.    Posterior  femora  smooth  beneath. 

29.    OiunEi.iMrM  GLADIATOR,  Bruuer. 

Orchelimum  gladiator^  Bruner,  Canad.  Entom.,  XXI II.,  1891,  71. 

"  In  its  general  structure  this  species  resembles  the  more  robust  forms 
like  0.  glaberrimum  and  0.  concinnam.  It  differs  from  these  however  in 
having  shorter  legs  and  antennae.  The  posterior  femora  are  rather  slen- 
der ;  the  cone  of  the  vertex  is  short  and  obtuse,  with  the  extreme  tip  shal- 
lowly  sulcate ;  the  hind  wings  are  little  if  any  longer  than  the  tegmina, 
which  do  not  quite  reach  the  tip  of  the  ovipositor. 

**  Color,  pale  transparent  grass-green  throughout,  save  the  usual  mark- 
ings upon  the  occiput  and  disk  of  pronotum,  which  are  dark  brown,  on 
the  latter  composed  of  two  well  defined,  narrow,  slightly  diverging  lines. 


189 

Antennce  rufoue,  feet  and  extreme  tip  of  the  ovipositor  tinged  with  ru- 
foas. 

''Measurements :  Female — Length  of  body,  18  mm.;  of  antennae,  35  mm .; 
of  pronotum,  4.75  mm.;  of  tegmina,  19  mm.;  of  hind  femora,  15.5  mm.;  of 
ovipositor,  10  mm.** — Brunfer. 

A  single  female  of  this  species  was  taken  in  Fulton  county,  August  26th, 
l$92y  from  the  borders  of  the  tamarack  swamp  previously  noted.  It 
agrees  exactly  with  Mr.  Bruner*s  description,  and  therefore  I  have  copied 
the  latter  verbatim.  lie  described  the  species  from  two  females  taken 
from  the  flowers  of  a  prairie  golden  rod,  Solidago  rigicUif  L.,  at  West  Point, 
Neb.  The  male  is  not  as  yet  known.  The  species  probably  occurs  in 
small  numbers  in  low,  damp  prairies,  but  as,  aside  from  the  long,  straight 
ovipositor,  it  bears  a  somewhat  general  resemblance  to  0.  vulgarey  it  has 
heretofore  been  overlooked,  or  confounded  with  that  common  insect. 

hh.    Posterior  femora  armed  on  the  lower  outer  carina 
with  several  small  spines. 

00.     Orciielimim  bruxeri,  Blatchley. 

Orchelimum  hruneri,  Blatchley,  Canad.  Entom.,  XXV.,  1893,  92. 

A  species  of  medium  size  and  rather  slender  body  with  the  posterior 
femora  armed  beneath,  and  the  ovipositor  very  broad,  nearly  straight  and 
of  more  than  average  length. 

Cone  of  the  vertex  narrow,  moderately  elevated,  rounded  at  apex. 
Tegmina  long  and  narrow,  a  little  shorter  than  the  wings.  Posterior 
femora  rather  stout,  the  apex,  when  appressed,  not  quite  reaching  the 
tip  of  ovipositor ;  armed  beneath  on  the  apical  half  with  three  or  four 
small  spines.  Cerci  of  male  stout,  acuminate,  with  the  internal  tooth 
prominent.  • 

Ovipositor  very  similar  to  that  of  0.  gladmtor,  Bruner,  being  very  long 
and  stout,  nearly  straight  above,  and  with  the  under  side  of  apical  third 
sloping  rapidly  to  the  acute  apex. 

Color  of  dried  specimens. — With  the  exception  of  the  ovipositor,  which 
is  a  light  reddish-brown,  and  the  usual  stripe  on  occiput  and  disk  of  pro- 
notum,  the  whole  body  is  a  pale,  transparent  brownish-green,  the  green 
showing  plainly  only  on  the  lower  half  of  the  side  of  pronotum  and  on 
the  meso  and  metapleura.  The  reddish-brown  dorsal  stripe  of  occiput 
and  pronotum  is  bordered  laterally  throughout  its  entire  length  with  a 
very  narrow  one  of  much  darker  brown.    When  immersed  in  alcohol  the 
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reddieh-brown  stripe  fades  to  a  yellowish  white,  leaving  the  two  lateral 
ones  as  prominent  dark  streaks,  widest  on  the  central  portion  of  the 
frontal  disk. 

Measurements:  Length  of  body,  male,  18  mm.;  female,  20.5  mm.;  of 
tegmina,  male,  21  mm.;  female,  25  mm.;  of  pronotum,  male  and  female, 
4.75  mm.;  of  hind  femora,  male,  10  mm.;  female,  17  mm.;  of  ovipoBltor, 
10  mm.    Described  from  two  males  and  four  females. 

This  species,  the  female  of  which  is  at  once  conspicuous  by  reason  of 
the  shape  and  size  of  its  ovipositor;  has  been  taken  in  small  numbers  only 
in  Vigo  county,^  where  it  is  found  during  August  and  September  on  the 
leaves  and  stems  of  a  tall,  broad-leaved  knot  weed,  Polygonum  amphibium, 
L.,  which  grows  luxuriantly  in  the  shallow  waters  about  the  margins  of 
two  or  three  large  ponds  in  the  Wabash  River  bottoms.  Several  other 
**  green  grasshoppers,"  notably  among  which  are  Xiphidium  aUenuaium^ 
Scudder,  and  Orchelimum  nigripes,  Scudder,  frequent  this  plant  in  immense 
numbers.  Keeping  company  w^ith  them  an  occasional  specimen  of  0. 
hrnneri  is  seen,  but,  being  an  active  leaper,  it  often  escapes  amidst  the 
dense  foliage  of  the  knot  weed  before  its  capture  can  be  effected.  Its  leea 
robust  body  and  longer,  armed  posterior  femora  will  readily  diBtinguish 
this  species  from  0.  gladiator,  the  only  other  one  which,  to  my  knowledge, 
has  an  ovipositor  shaped  like  that  of  bruneri.  The  latter  is  named  in 
honor  of  Prof.  Lawrence  Bruner,  of  Lincoln,  Neb.,  one  of  the  leading 
authorities  on  N.  A.  Orthoptera. 

STEXOrELMATIN.K. 

The  Indiana  members  of  this  subfamily  comprine  those  insects  which 
are  commonly  called  "stone"  or  **  camel  crickets,*'  and, so  far  as  known, 
belong  to  the  single  genus  CeuihophUus,  which  is  characterized  below. 

VIII.  Ceutiiophili-.s,  Scudder  (1802). 

Wingless  Locust idse  of  medium  or  large  size  with  a  thick  body  and  arched 
back.  Head  large  and  oval,  bent  downwards  and  backwards  between  the 
front  legs.  Antennif"  long,  slender,  cylindrical  and  tapering  to  a  fine  point. 
Eyes  sub-pyriform,  the  narrow  end  downwards,  placed  close  to  the  basal 
joint  of  the  antenuK*.  Maxillary  palpi  long  and  slender ;  the  apical  joint 
longest,  somewhat  curved,  split  on  the  under  side  three-fourths  of  its 
length,  which  is  nearly  equal  to  that  of  the  two  preceding  taken  together. 
Pronotum  short,  not  extending  over  the  meso  and  meta-notum.  Prostern- 


'•Since  the  above  was  written  this  iusect  has  been  found  to  be  very  plentiful  about 
the  margin  of  Lost  Lake.  Marshall  county,  Ind. 
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um  unarmed.  Hind  femora  thick  and  heavy,  turned  inwards  at  the  hase, 
channelled  heneath,  with  the  margins  of  the  channels  either  serrate  or 
spined  in  the  males,  seldom  armed  in  the  females.  Ovipositor  well  devel- 
oped, nearly  straight,  a  little  upturned  at  the  tip,  the  inner  valves  usaally 
strongly  serrate  on  the  under  side  of  the  apical  fourth.  Cerci  of  males 
long,  slender,  usually  very  hairy. 

These  insects  are  seldom  seen  except  by  the  professional  collector.  They 
are  nocturnal  in  their  habits,  and  during  the  day  hide  beneath  stones 
along  the  margins  of  small  woodland  streams,  or  beneath  logs  and  chunks 
in  damp  woods,  in  which  places  seldom  lees  than  two,  nor  more  than  three 
or  four,  are  found  associated  together.  Being  wingless  they  make  no  noise, 
and,  like  most  other  silent  creatures,  are  supposed  to  be  deaf,  as  no  trace 
of  an  ear  drum  is  visible. 

That  they  are  wellnigh  omnivorous  in  their  choice  of  food,  I  have  de- 
termined by  keeping  them  in  confinement,  when  they  fed  upon  meat  as 
well  as  upon  pieces  of  fruit  and  vegetables,  seemingly  preferring  the  latter. 
The  majority  of  the  species  evidently  reach  maturity  and  deposit  their 
eggs  in  the  late  summer  or  early  autumn,  as  the  full  grown  insects  are 
more  common  then,  but  have  been  taken  as  late  as  December  Ist.  The 
eggs,  which  are  8U))po8ed  to  be  laid  in  the  earth,  usually  hatch  in  April, 
but  some  are  hatched  in  autumn  and  the  young  live  over  winter  (an  anom- 
aly among  the  lx)cu8tida«  ?)  as  I  have  taken  them  in  January  and  Febru- 
ary, and  at  this  writing,  December  24th,  have  one  in  confinement  which 
has  just  passed  the  second  moult. 

Several  of  the  species  inhabit  caves  and  are  usaally  of  much  larger  size, 
with  longer  antenna*  and  smaller  compound  eyes  than  those^ound  above 
ground. 

The  males  of  these  insects  are  quite  readily  separated  by  the  size,  num- 
ber and  relative  positions  of  the  spines  on  the  under  side  of  the  hind 
femora,  as  well  as  by  the  degree  of  curvature  of  the  corresponding  tibia*. 
The  females,  having  neither  the  spined  posterior  femora  nor  the  curved 
tibiae,  are  less  readily  distinguished  by  the  color  and  the  relative  meas- 
urements of  the  different  organs.  As  the  two  sexes  are  colored  alike  and 
are  usually  found  in  close  proximity  there  will  be  little  difficulty  in  plac- 
ing the  female  after  determining  the  male  by  thekeys  given  below,  which 
mainly  pertain  to  that  sex  alone. 

Seven  species  have,  up  to  the  present,  been  taken  by  the  writer  in  In- 
diana. 
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a.    Hind  tibia'  of  male  with  the  basal  half  very  distinctly  undulated  or 

waved ;  the  hind  femora  with  about  10  small  sub-equal  spines  on 

each  of  the  lower  carina?. 

31.    Ceuthoi»hilus  MAcuLATUs,  (Say).    The  Spotted  Wingless  Grasshopper. 

'^  Ephippigera  macvlaia^  Say,  (Mss.)  Harris  Cat.  Ins.  Mass.,  1835,  56." 

Rhaphidophora  macalata^  Scudder,  Proc.  Bost.  Soc.  Nat.  Hist.,  VIII., 

1861,  7,  11,  14. 
Id.,  Encyc.  Amer.  1881,  VI 11.,  170. 
halangop$is  maadataf  Harris,  Ins.  Inj.  to  Veg.  1862,  155,  fig.  73. 
Ceuthophihti<  viacttlatuSf  Scudder,  Bost.  Journ.  Nat.  Hist.,  VII.,  1862,  434. 

Id.,  Distb.  Ins.  of  N.  Hamp.,  1874,  366. 
Smith,  Orth.  of  Maine,  1868,  145. 
Packard,  Guide  Stud.  Ins.,  1883,  565. 
Kiley,  Stand.  Nat.  Hist.,  II.,  1884,  184,  fig.  259. 
Bruner,  Bull.  Washb.  Col.  Lab.  Nat.  Hist.,  I., 

1885,126. 
Femald,  Orth.  N.  Eng.,  1888,  19. 
Brunner,  Monog.  der  Stenop.  und  Gryll.,  1888, 

307. 
Smith,  Ins.  N.  Jers.,  1890,  409. 
McNeill,  Psyche,  VI.,  1891,  27. 
Osborne,  Proc.  la.  Acad.  Sci.,  I.,  1892,  119. 
Raphidophora  lapidicoia^  Scudder,  Proc,  Bost.  Soc.  Nat.  Hist.,  VII.,  1861, 

7.  (In  part.) 
Thomas,  Trans.  111.  St.  Ag.  Soc,  V.,  1865,  444. 
(Not  CeiiihophUus  lapidicolwif  Burmeister.) 
General  color :     Above,  sooty  brown  with  the  anterior  half  of  each  seg- 
ment dotted  with  a  number  of  rather  large,  more  or  less  confluent,  pale 
spots;  below  pale  brown,  unspotted.    Antenna'  and  legs  light,  reddish 
brown ;  the  hind  femora  barred  on  the  outer  surface  with  numerous  short 
lines  of  darker  brown  arranged  in  parallel  rows.    Anterior  femora  short, 
a  little  longer  than  pronotum  with  one  or  two  spines  on  the,  lower, 
front  carina.   Hind  femora  moderately  swollen,  the  inferior  sulcus  narrow, 
with  each  margin  armed,  in  the  male,  with  about  16  rather  small,  sub- 
equal  spines ;  in  the  female,  each  margin  bears  a  row  of  numerous  minute 
teeth.    Hind  tibije  of  male  distinctly  undulate  or  waved  at  base ;  a  little 
longer  than  the  femora. 
Measurements :    Male — Length  of  body,  14  mm.;  of  pronotum,  4.5  mm.; 
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of  front  femora,  6  mm.;  of  hind  femora,  15  mm.;  of  hind  tibiro,  16  mm.; 
Female — Length  of  body,  18  mm.;  of  pronotum,  6  mm.;  of  front  femora,  (> 
mm.;  of  hind  femora,  17  mm.,  of  ovipositor,  10  mm. 

This  insect  has  a  wide  range,  having  been  recorded  from  New  England 
to  the  Kocky  Mountains.  In  Indiana  it  is,  as  far  as  my  observation  goes, 
much  less  common  than  some  of  the  other  species  of  the  genus,  having  so 
far  been  taken  only  in  Putnam  county  where,  on  August  Ist,  I  took  sev- 
eral specimens  from  beneath  a  log  in  a  deep  and  damp  ravine.  It  probably 
occurs  sparingly  in  like  situations  throughout  the  state. 

aa.    Hind  tih'uv  of  male  not  undulated  at  base ;  sometimes  with  a  single, 
slight  curve. 
6.    Hind  femora  but  little,  if  any,  shorter  than  the  corresponding  tibiae ; 
species  living  above  ground, 
c.    Upper  sides  of  body  each  with  a  broad,  dark  reddish-brown  stripe. 

32.    Ceutuopiiilus  L.yEN«,  Scudder.    The  Black-sided  Camel  Cricket. 
Ceuthophihts  latens,  Scudder,  Bost.  Joum.  Nat.  Hist.,  VII.,  18(>2,  437. 

McNeill,  Psyche,  VI.,  1891,  27. 

General  color,  light,  reddish  brown  ^'with  darker  streaks  upon  the 
hind  femora  and  two  broad  bands  of  dark,  reddish  brown  along  the  whole 
dorsum,  extending  half  way  down  the  sides,  dotted  irregularly  with  brown- 
ish yellow  spots,  most  profusely  on  the  abdomen,  and  separated  from  one 
another  by  a  narrow,  irregular  band  of  the  same  color;  below  yellowish 
brown ;  tips  of  the  hind  femora  dark.'' 

Anterior  tibiae  one-third  longer  than  the  pronotum,  with  two  spines  on 
the  outer  lower  carina.  Middle  femora  bispined  on  each  carina  beneath. 
Hind  femora  thick  and  stout,  the  inferior  sulcus  wide  and  deep,  the  mar- 
gins unarmed  in  the  female;  in  the  male  with  three  or  four  minute  spines 
on  the  apical  third  of  each  carina.  Hind  tibia"  straight,  a  little  longer 
than  the  femora. 

Measurements :  Male — Length  of  body,  18  mm. ;  of  pronotum,  5  mm.; 
of  front  femora,  0.5  mm. ;  of  hind  femora,  14  mm. ;  of  hind  tibia%  14.5 
mm.  Female— length  of  body,  19  mm. ;  of  hind  femora,  14.5  nmi. ;  of 
hind  tibia;,  15  mm. ;  of  ovipositor,  10  mm. 

The  above  description  applies  to  the  species  as  usually  found  in  the 
State.  I  have,  however,  a  pair  of  specimens  taken  in  Putnam  county, 
which,  while  agreeing  fully  with  the  peculiar  coloration  and  relative 
measurements  of  latensy  differ  so  markedly  in  size  and  in  the  spination 


144 

of  the  femora  that  I  have  more  than  once  been  inclined  to  think  them  a 
distinct  and  undescribed  species.  They  have  the  middle  femora  armed 
beneath  with  3  spines  on  each  carina ;  the  hind  femora  of  male  with  9 
spines  on  the  onter  carina,  the  4  or  5  middle  ones  of  which  are  very 
strong  and  prominent,  the  inner  carina  with  11  small  and  sub-equal  spines. 
The  hind  tibiae  with  an  evident  downward  curve  at  base.  The  hind  femo- 
ra of  the  female  have  5  small  spines  on  the  outer  and  11  on  the  inner  car- 
ina. 

Measurements:  Male — length  of  body,  22  mm.;  of  pronotum,  6.5 
mm. ;  of  front  femora,  9  mm. ;  hind  femora,  19  mm.;  of  hind  tibia',  21 
mm.  Female — Length  of  bodj*,  25  mm. ;  of  pronotum,  7  mm. ;  of  front 
femora,  9  mm. ;  of  hind  femora,  10.5  mm. ;  of  hind  tibia*,  20.5  mm. ;  of 
ovipositor,  13  mm. 

If,  as  is  most  likely,  these  are  only  greatly  developed  forms  of  latens,  the 
spining  of  the  femora  of  these  insects  varies  greatly  with  the  age,  and, 
unless  one  has  adult  specimens,  it  is  not  therefore  a  character  of  as  much 
specific  worth  as  is  usually  attributed  to  it. 

C.  lalens  is  not  an  uncommon  species  in  Vigo  and  Putnam  counties.  It 
is  most  commonly  found  beneath  fiat  stones  near  the  margins  of  small 
streams  in  upland,  hilly  localities.  It  reaches  maturity  in  June  or  July, 
probably  from  specimens  hatched  in  spring,  though  I  have  taken  the 
young  on  two  different  occasions  in  February.  It  has  been  recorded  here- 
tofore only  from  Illinois  and  the  male  is  herewith  described  for  the  first 
time,  Mr.  Scudder's  description  having  been  based  upon  a  single  female. 

cc.    Sides  of  body  without  a  dark,  reddish  brown  stripe. 
d.    Hind  femora  \)(  male  with  the  inferior  sulcus  very  deep  ;  the 
outer  carina  with  about  9  spines  of  unequal  length  and  not 
equi-distant. 

33.    Ceithoimiili  s  ruKKRi,  Scudder. 

Ceuihophilm  Meri^  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII.,  18()2,  435. 

Riley,  Stand.  Nat.  Hist.,  II.,  1SS4, 184. 
Smith,  Inhi.  N.  Jer.,  189(),  409. 
CeuthopJdlus  lapidkola^  Brunner,  Monog.  der,  Stenopel.  und  Gryllac,  1888, 

307.     (Not  C.  Japidicolus  Burm.) 
General  color  light  reddish  brown,  the  meso  and  meta-notum  usually 
darker.    The  pronotum  rather  thickly  and  irregularly  mottled  with  paler 
spots;  the  other  segments  with  the  pale  spots  for  the  most  part  in  a 
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transverse  row  near  the  hind  margin.  The  legs  yellowish  brown,  the 
hind  femora  with  the  apex  a  little  dnsky  above  and  with  three  longitu- 
dinal, and  numerous  obliquely  transverse,  dusky  bars  on  the  outer  face. 

The  anterior  femora  but  little  longer  than  the  pronotum ;  the  lower, 
front  margin  armed  with  from  one  to  four  spines.  Hind  femora  of  the 
male  of  average  width  but  very  stout,  the  lower,  outer  carina  prominent, 
the  inferior  sulcus  rather  narrow  and  very  deep,  the  sides  meeting  at  an 
angle  above.  The  spines  of  the  outer  carina  are  arranged  in  three  sets,  the 
basal  set  containing  4  equi>distant  graduated  spines  the  apical  one  largest ; 
the  middle  set  contains  but  a  single  strong  spine  equal  in  size  to  the  one 
before  it  and  separated  from  it  as  well  as  from  the  first  one  of  the  apical 
set,  by  a  space  almost  twice  as  great  as  between  the  members  of  the  basal 
set;  the  apicaf  set  of  4  small  sub-equal  spines.  The  inner  carina  is 
armed  with  about  16  small  sub-equal  spines.  The  female  has  the  inner 
carina  also  armed  in  like  manner  with  still  smaller  spines.  Hind  tibite  of 
male  straight,  a  little  longer  than  the  femora. 

Measurements:  Male — Length  of  body,  14  mm.;  of  pronotum,  5.2 
mm. ;  of  front  femora,  6.2  mm. ;  of  hind  femora,  1().5  mm. ;  of  hindtibi«a\ 
17  mm. 

C.  Brunner,  in  his  Monographie,  has  evidently  described  this  species  un- 
der the  name  of  C  Inpidicola  Burm.  At  the  close  of  his  description  he 
says  of  lapidioola :  ''  Neither  the  diagnosis  of  Burmeister  nor  the  descrip- 
tion of  Scudder  are  sufficiently  exact  to  recognize  the  species ;  for  which 
reason  I  have  designated  by  this  name  any  new  species  whatever  at 
hand.''  In  another  place  he  describes  under  the  name  C.  Meri  Scudder,  a 
species  having  the  spines  on  the  outer  carina  of  the  hind  femora  equal 
in  length ;  whereas  Mr.  Scudder,  in  his  description  of  uhieri  distinctly 
states  that  they  are  "  of  unequal  length,  and  irregularly  arranged." 

Specimens  of  the  insect  described  above  were  sent  to  Mr.  Scudder,  who 
pronounced  my  identification  correct.  In  central  Indiana  uhieri  is  the 
most  common  species  of  CeiUhophilus.  It  is  found  from  July  to  Novem- 
ber beneath  rails  and  logs  in  rather  dry  situations.  The  young  have  been 
taken  from  similar  places  in  December  and  February,  but  evidently  the 
larger  number  of  eggs  do  not  hatch  until  spring. 

dd.  Hind  femora  of  male  with  the  inferior  sulcus  shallow ;  the  spines 
of  the  outer  lower  carina  sub-equal  in  size  and  equi-distant 
from  one  another. 

10 
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(\    The  sulcus  very  broad ;  the  spines  of  the  outer  carina  much 
larger  than  those  of  the  inner. 

34.    Ceuthophjm  8  i.atlsulctjs,  nov.  sp. 

/  CeuthophUm  uhleri,  Bruniier,  Monog.  der  Stenopel.  und  Gryll.,  1888, 

:W8,  pi.  VII.,  fig.  33  b.  ^ 

General  color,  light  brownish  or  clay  yellow,  irregularly  mottled  with 
fuscous,  especially  on  the  pronotum  and  abdomen  ;  the  female  somewhat 
darker.  The  anterior  femora  much  longer  than  the  pronotum  with  two 
sub-equal  spines  near  the  apex  of  the  lower  front  carina.  The  interme- 
diate femora  with  three  spines  on  each  of  the  lower  carinsc.  The  hind 
femora  not  so  broad  as  in  the  preceding,  the  outer  lower  carina  much  lees 
prominent ;  the  upper  half  of  the  exterior  face  very  scabrous,  with  small 
projections.  The  inferior  sulcus  very  broad  and  shallow,  about  twice  the 
breadth  and  one-half  the  depth  of  that  of  C.  vJUeri;  the  sides  not  meet- 
ing in  an  angle  as  there,  but  the  upper  surface  of  the  sulcus  flat.  The 
outer  carina  with  8  sub- equal  spines  borne  at  equal  distances  apart  on 
the  apical  half ;  the  middle  two  slightly  the  larger  but  much  less  strong 
than  the  corresponding  one  of  C.  uhleri.  The  inner  carina  armed  with 
20  or  more  very  small  teeth.  The  hind  tibia?  with  a  very  slight  curve 
just  below  the  base ;  a  little  longer  than  the  corresponding  femora. 

Measurements :  Male — Length  of  body,  15  mm. ;  of  pronotum,  5.1 
m.m. ;  of  front  femora,  7  mm. ;  of  hind  femora,  17.&  mm. ;  of  hind  tibift^, 
18.0  mm. 

From  C.  nhJeriy  which  it  most  resembles,  this  species  may  at  once  be 
known  by  the  longer  anterior  femora,  the  much  broader  and  shallower 
sulcus  of  the  hind  femora,  as  well  as  by  the  difference  in  size  and  arrange- 
ment of  the  teeth  upon  the  latter.  The  adult  male  is  larger  with  longer 
hind  limbs  than  that  of  uhleriy  though  the  males  of  both  these  species 
are  much  more  robust  when  mature  than  those  of  maculcUiLs  and  lapidi- 
cohi»  whirh  have  come  under  my  notice. 

C.  Brunner,  in  his  Monographie,  has  described  a  species  of  Ceuthophtlus 
under  the  name  of  vJileri,  Scudder,  which  may  be  the  same  insect  as 
Inlimlcus.  As  shown  above,  however,  the  name  of  uhleri  belongs  to  the 
preceding  species.  Brunner*s  measurement  of  his  so-called  uhleri,  as  well 
as  the  number  of  spines  on  the  femora,  differ  from  those  given  above. 

Ijatmdcus  is  described  from  two  males  and  a  female  taken  in  Vigo  coun- 
ty, August  25,  from  beneath  a  log  on  a  sandy  hillside. 
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ee.    The  sulcus  of  average  width  and  depth ;  the  spines  of  both  cari- 
nie  small  and  sub-equal  in  size. 

/.    General  color  clear  reddish  brown,  mottled  with  paler;  each  of 

the  carinte  of  the  hind  femora  with  about  28  crowded  minute 

spines. 

?A.    Ceutiiophilus  lai'idrx)lu8,  (Burmeister.) 

Phalangopsis  lapidicoUif  Burmeister,  Handb.  der  Entom.  II.,  1838,  72:^. 
Raphidophora  lapidicolay  Scudder,  Proc.   Bost.  Soc.  Nat.  Hist.,  VIII., 

1861,  7.    (In  part.) 
CtvihophUus  lapidicolitSf  Id.,  Bost.  Journ.  Nat.  Hist.,  VII.,  1862,  43o. 

Riley,  Stand.  Nat.  Hist.,  II.,  1884, 184. 
Smith,  Ins.  N.  Jer.,  1890,  409. 
Osborne,  Proc.  la.  Acad.  Sci.,  I.,  1892, 119. 
Clear  reddish-brown,  mottled  with  small  pale  spots,  especially  on  the 
i^bdomen,  where  the  spots  have  a  tendency  to  arrange  themselves  in  lon- 
gitudinal rows.    The  legs  paler,  the  exterior  face  of  the  hind  femora  with 
the  usual  darker  bars,  but  not  so  prominent  as  in  C.  maculaUts,    Anterior 
femora  a  little  longer  than  pronotum,  unarmed  beneath.    Intermediate 
femora  also  unarmed  or  with  a  single  apical  spine  on  front  margin. 
Hind  femora  of  medium  thickness,  the  inferior  sulcus  of  average  width, 
rather  deep ;  the  spines  of  both  carimc  more  like  the  fine  teeth  of  a  saw, 
about  25  in  number  and  crowded  on  the  apical  two-thirds  of  the  segment. 
Hind  tibiae  straight,  a  little  shorter  than  the  femora. 

Measurements:  Male — Length  of  body,  18  mm.;  of  pronotum,  5  mm.;  of 
hx)nt  femora,  6.5  mm.;  of  hind  femora,  18.5  mm.;  of  hind  tibiae,  16  mm. 
Female— Length  of  body,  18.5  mm.;  of  hind  femora,  18  mm.;  of  ovipositor, 
9  mm. 

As  Brunner  has  well  said  it  is  impossible  to  distinguish  C.  lapidicolua  from 
Burmeister's  description,  which  was  founded  upon  two  female  specimens 
from  South  Carolina,  and  undoubtedly  many  references  to  it  are  wrong. 
If  any  person  is  competent  to  judge  as  to  what  lapidicolus  really  is,  that 
person  is  Mr.  Scudder,  and  I  have  determined  the  form  described  above 
from  specimens  bearing  that  name  kindly  loaned  me  by  him. 

In  Indiana,  lapidi4xl'U8  is  not  a  common  insect,  its  range  probably  being 
more  southern.  Several  specimens  have  been  taken  in  Putnam  county 
from  beneath  logs  in  damp  woods. 
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ff.  General  color  dull  yellowish  brown,  with  ver>'  numerous 
paler  spots ;  each  of  the  carinas  of  the  hind  femora  with 
about  seven  very  small  and  distinct  teeth. 

36.  Ceuthopuilus  brkvipes,  Scudder. 

CeulhophUus  brevipes,  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII.,  1862,  434. 

Smith,  Orth.  of  Maine,  1868,  145. 
Femald,  Orth.  N.  Eng.,  1888,  19. 

Dull  yellowish  brown,  a  little  darker  on  the  dorsum  of  the  thorax  where 
there  is  a  narrow  median  line  of  clay  yellow.  Very  profusely  spotted 
with  dirty  white  spots,  especially  on  the  abdomen,  and  near  the  apex  of 
hind  femora,  where  they  nearly  form  an  annulation. 

Front  femora  a  little  longer  than  the  pronotum,  with  a  single  spine  on 
lower  front  carina.  Hind  femora  short  and  stout ;  the  inferior  sulcus  of 
average  width  and  depth ;  each  carina  armed  with  about  seven  very  small 
teeth.    Hind  tibia;  straight,  of  the  same  length  as  the  femora. 

Measurements:  Male — Length  of  body,  14  mm.;  of  pronotum,  4.5  mm.; 
of  front  femora,  5.5  mm.;  of  hind  femora,  12  mm.;  of  hind  tibia?,  12  mm. 

A  single  male  from  Vigo  county  agrees  in  every  respect,  except  slight 
differences  in  measurements,  with  typical  examples  from  Mr.  Scudder* s 
collection.    Not  before  recorded  west  of  New  England. 

hh.    Hind  femora  distinctly  shorter  than  the  corresponding  tibia' ; 
cave  inhabiting  species. 

37.  Ceuthopuilus  stygius  (Scudder.) 

Raphidophora  stygiuSf  Scudder,  Proc.  Bost.  Soc.  Nat.  Hist.,  VIII.,  1861,9. 
CetUhophUiis  stygius,  Id,,  Bost.  Jour.  Nat.  Hist.,  VII.,  1862,  438. 

Riley,  Stand.  Nat.  Hist.,  II.,  1884,  184. 
Brunner,  Monog.  der  Stenop.  und  Gryll.,  1888,  309. 
Pale,  reddish-brown,  the  hind  border  of  each  segment  with  a  dark 
brown  band,  the  pronotum  with  a  similar  band  on  the  front  margin,  and 
an  indistinct,  dark  median  band  connecting  the  two.  Face  pale  with  a 
black  dash  below  each  eye,  and  a  shorter  median  one.  Antennse  brown- 
ish yellow,  paler  towards  the  tip,  of  excessive  length.  Front  femora,  in 
the  specimens  at  hand,  double  the  length  of  the  pronotum,  with  three 
spines  on  the  lower  front  carina.  Middle  femora  shorter  than  the  anter- 
ior with  both  of  the  lower  carinse  armed  with  three  or  four  distinct  spines. 
Hind  femora  rather  slender,  the  lower  outer  carina  prominent ;  the  infer- 
ior sulcus  narrow  and  of  average  depth ;  both  margins  armed  with  num- 
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erQue  small  spines,  those  on  the  outer  carina  double  the  size  of  those  on 
the  inner.  Hind  tibiae  straight,  much  longer  than  the  corresponding 
femora. 

Measurements :  Male — Length  of  body,  26  mm.;  of  pronotum,  6  mm.;  of 
front  femora,  12  mm.;  of  antennae,  100  mm.;  of  hind  femora,  23  mm.;  of 
hind  tibia?,  27  mm.  Female — length  of  body,  23  mm.;  of  pronotum,  5.5 
mm.;  of  front  femora,  11  mm.;  of  hind  femora,  21  mm.;  of  hind  tibiae,  24 
mm.;  of  ovipositor,  14  mm. 

These  measurements  are  much  greater  than  those  given  by  Mr.  Scud- 
der,  but  otherwise  the  specimens  agree  with  his  description  in  every  re- 
spect. 

Two  males  and  one  female  of  this  large  and  handsome  Ceuthophilm  were 
taken  by  Mr.  W.  P.  Hay  from  a  small  cave  in  Crawford  county  and  kindly 
presented  to  me.  It  evidently  inhabits  only  the  smaller  caves  as  Mr.  Hay 
saw  no  specimens  in  Wyandotte,  and  Mr.  Scudder,  in  the  Proc.  Bost.  Soc, 
says  of  the  original  types  taken  in  Kentucky :  '*  Though  careful  search 
was  made  in  the  larger  cave,  a  mile  or  more  in  extent,  no  Raphidophorst 
were  found,  but  in  the  remotest  corner  of  the  small  cave,  a  few  hundred 
feet  only  in  extent,  in  a  sort  of  hollow  in  the  rock,  not  particularly  moist, 
but  having  only  a  sort  of  cave  dampness,  the  Slygia  was  found  plentifully 
these  were  also  found  exclusively  upon  the  walls.  Even  the  remotest 
part  of  the  cave  is  not  so  gloomy  but  that  some  sunlight  penetrates  it.'' 

De(TK'IDIN.K. 

In  the  western  states  this  sub- family  is  represented  by  several  genera 

and  a  large  number  of  species,  but  east  of  the  Mississippi  River  there  are 

but  two  species  of  a  single  genus  belonging  to  it,  both  of  which  are  found 

in  Indiana. 

IX.    Thyrkonoti\s,  Serville  (1839). 

These  are  T>ocu8tidjo  of  large  size  with  the  pronotum  extending  back 
over  the  first  joint  of  the  abdomen,  thus  forming  a  buckler  or  shield  for 
the  back.  Face  broad,  rounded,  but  slightly  oblique.  Eyes  small,  sub- 
globose.  Vertex  with  a  blunt  decurved  projection  between  the  antenna^ 
which  is  slightly  excavated  on  the  sides.  Pronotum  truncate  in  front, 
rounded  behind,  flattened  above,  bent  abruptly  downwards  on  the  sides. 
Prosternum  armed  with  two  short,  blunt  spines.  Tegmina  of  the  females 
rudimentary,  wholly  covered  by  the  pronotum ;  those  of  the  males  fairly 
well  developed,  extending  in  our  most  common  species  5  mm.  back  of  the 
pronotum.     The  shrilling  organ,  which  is  covered  by  the  pronotum,  is 
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circular,  and  rather  large  for  the  size  oi  the  tegmina.  Wings  very  rudi- 
mentary or  wanting.  Hind  femora  long  and  rather  slender,  extending, 
in  our  species,  beyond  the  abdomen  in  both  sexes,  notably  so  in  the  males. 
Ovipositor  as  long  as  the  body,  very  stout  at  the  base,  straight. 

The  "  Shield-back  Grasshoppers,"  so  called  on  account  of  the  large  pro- 
tective pronotum,  are  often  quite  numerous  from  April  1st  to  September 
in  dry  upland  woods  and  on  sloping  hillsides  with  a  southern  exposure, 
but  are  seldom  if  ever  found  in  damp  localities. 

On  the  first  warm  days  of  early  spring  the  young  begin  to  emerge  and 
in  suitable  places  for  a  month  or  more  are  among  the  most  common 
Orthopterons  seen.  They  are  much  more  active  during  early  life  than  in 
the  mature  state  when  they  crawl  rather  than  leap.  In  captivity  they 
feed  as  readily  upon  animal  as  upon  vegetable  food,  and  in  the  natural 
state  probably  feed  upon  the  dead  bodies  of  such  small  animals  as  they 
can  find.  The  earliest  hatched  reach  maturity  in  Central  Indiana  about 
the  middle  of  July,  and  may  then  often  be  found  resting  on  the  leaves  and 
stems  of  low  shrubs  and  weeds,  but  seldom  climb  over  two  or  three  feet 
from  the  ground.  The  adults  are  far  less  numerous  than  the  young,  the 
vast  majority  of  the  latter  probably  falling  a  prey  to  the  many  ground 
frequenting  sparrows  and  other  birds,  as  they  do  not  hide  by  day  as  do 
the  members  of  the  preceding  genus. 

a.    Front  margin  of  pronotum  much  narrowed,  but  little  more  than  half 
as  wide  as  hind  margin  ;  the  latter  broadly  rounded. 

38.    Thyreonotus  pachymervs,  (Burmeister.) 

DerUcits  parhy7nert(s,  Burmeister,  Handb.  der  Entom.,  II.,  1838,  712. 
Thijreonotus  2)acht/mentSf  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII.,  1862,  453. 

Comstock,  Int.  Ent.,  I.,  1888,  118,  fig.  106. 

Fernald,  Orth.  N.  Eng.,  1888,  26. 

Smith,  Ins.  N.  Jer.,  1890,  411. 

McNeill,  Psyche,  VI.,  181)1,  24. 

Osborne,  Proc.  la.  Acad.  Sci.,  1892,  119. 

Davis,  Canad.  Fjitom.,  XXV.,  108  (Song.  of). 
Color:  Male — Grayish  or  fuscous  brown;  the  sides  of  pronotum  and 
tegmina  black,  the  former  often  shining ;  a  narrow,  curved  yellow  line 
above  the  posterior  lateral  angle  of  pronotum ;  the  exposed  dorsal  field  of 
tegmina  light  brown;  the  femora  with  numerous  minute  pale  spots. 
Female — Usually  reddish-brown  throughout  except  the  yellow  line  on 
side  of  pronotum  which  is  bordered  above  with  a  dash  of  black. 


151 

The  lateral  carina'  of  pronotum  are  much  sharper  in  this  species  than 
in  the  next;  the  pronotum  itself  is  a  little  longer,  and  appears  more  so 
than  it  really  is  on  account  of  the  broadly  rounded  posterior  lobe.  The 
latter  iias  in  the  female  a  faint  median  carina  which  is  absent  in  (hr:<alii*. 
The  hind  femora,  as  well  as  the  ovipositor,  are  a  little  shorter  than  in  that 
species,  and  the  apex  of  the  ovipositor  is  more  bluntly  rounded  from  above. 

Measurements:  Male — Lenjrth  of  body,  20  mm.;  of  pronotum,  10  mm.; 
of  hind  femora,  16  mm.  Vemale— length  of  body,  22  mm.;  of  pronotum, 
M  mm.;  of  hind  femora,  18  mm.;  of  ovipositor  17  mm. 

Pachyuierus  is,  in  Indiana,  by  far  the  more  common  of  the  two  species 
known  to  occur.  So  far  it  has  been  noted  only  in  Putnam  and  A'igo 
counties,  but  undoubtedly  is  to  be  found  throughout  the  State,  frequent- 
ing the  localities  mentioned  above  under  the  generic  description.  In  a 
pleasing  account  of  the  note  and  habits  of  the  epecies,  Mr.  W.  T.  Pavis 
says  as  follows:  **Its  song  much  resembles  that  of  OrcheUminn  rulgaret 
with  the  preliminary  zip,  zip,  omitted.  It  is  a  continuous  z-e-c-c,  with  an 
occasional  short  iX*,  caused  by  the  insect  gettinj;  its  win;r  covers  ready  for 
action  after  a  period  of  silence.  *  *  *  **  Starting  with  raspberries, 
one  kept  in  captivity  had  the  rest  of  the  fruits  in  their  season,  including 
watermelon,  of  which  he  showed  marked  appreciation.  If  I  offered  him 
a  raspberry  and  then  gradually  drew  it  away  he  wouM  follow  in  the  di- 
rection of  the  departing  fruit,  and  would  tinally  eat  it  from  my  hand.'' 

na.    Front  margin  of  pronotum  but  little  narrowed,  about  three- fourths 
the  width  of  the  hind  margin,  the  latter  almost  square.  * 

.39.    TnvREONOTi's  dorvalis,  (Burmeister.) 

Dectiau^  dor>Kili8,  Burmeister,  Handb.  der  Entom.,  II.,  1838,  7i:>. 
Tht/reoriotus  dorsftli^,  Scudder,  Bost.  Journ.  Nat.  Hist.,  VII.,  1802,  4.")4. 

Id.,  Distb.  Ins.  N.  Hamp.,  1874,  .wO. 
Id.,  Proc.  Bost.  Soc.  Nat.  Hist.,  XIX.,  1877,  HX 
Id.,  Ent.  Notes,  VI.,  1878,  24. 
Comstock,  Int.  Ent.,  I.,  1888,  118. 
Femald,  Orth.  N.  Eng.,  1888,  20. 
Smith,  Ins.  N.  Jer.,  18iK),  411.  . 

Color:  Female — Dull,  yellowish  brown;  the  posterior  lobe  of  prono- 
tum, dorsum  of  abdomen  and  ovipositor  dark  brown.  A  blackish  spot 
on  the  face  below  each  eye;  the  sides  of  the  pronotum  with  obsolete 
fuscous  markings.  The  chief  structural  distinctions  between  this  insect 
and  PacJiymerus  are  given  above  under  the  latter  species. 
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Measurements:  Female — Length  of  body,  24  mm.;  of  pronotum,  8.5 
mm.;  of  hind  femora,  21  mm.;  of  ovipositor,  22  mm. 

This  species  is  represented  in  my  collection  by  two  females  taken  in 
Vigo  county,  in  August,  1891.  It  has  not  heretofore  been  recorded  west 
of  the  Alleghany  Mountains. 


The  above  thirty-nine  species  comprise  all  the  Locustidae  which,  to  the 
present  knowledge  of  the  writer,  inhabit  Indiana.  Others  undoubtedly 
occur,  especially  in  the  southern  half,  and  throughout  the  prairie  region 
of  the  northwestern  part,  where  no  collecting  has  been  done.  The  pres- 
ent paper  will,  perhaps,  aid  in  the  identification  of  the  more  common 
kinds  of  this  much  neglected  group  of  insects ;  but  collectors  throughout 
the  state  should  be  on  the  lookout  especially  for  the  following  twelve 
species  whose  known  range  implies  that  they  are  probably  inhabitants  of 
Indiana ;  and  when  the  careful  and  systematic  biological  survey  of  the 
state,  now  instituted,  has  been  completed,  a  number  of  them  will  no 
doubt  have  been  added  to  our  known  insect-fauna : 

1.  AScudderia  jytstiUata,  Brunner. 

Should  be  looked  for  in  the  northern  half  of  the  state.  Re- 
sembles furcata,  but  has  much  wider  tegmina.  Ranges  from 
New  Jersey  to  Nebraska. 

2.  Amblycorypha  scudderiy  Bruner. 

Resembles  Mongifolia^  but  is  smaller,  with  comparatively  shorter 
hind  legs,  and  with  apex  of  ovipositor  more  strongly  serrate. 
Common  in  Eastern  Nebraska. 

3.  MicrocerUrum  retineriiSf  (Burmeister.) 

(See  under  if.  laurifolmm,)  Should  be  found  in  Southern  In- 
diana. 

4.  Ci/rtophijUiis  perspicillaiuSf  (Fabricius.) 

Has  shorter  and  broader  tegmina,  more  robust  legs,  and  musical 
organ  of  male  broader  than  concavus.    A  southern  form. 

5.  XijihuHiim  saltans,  Scudder. 

Should  be  found  in  the  prairie  region  northwest.    Resembles 
sirictum,  but  is  smaller,  with  longer  tegmina,  and  shorter  ovi- 
positor.   Common  in  Kansas  and  Nebraska. 
<>.     Orclielimum  delicaium,  Bruner. 

A  more  slender  and  smaller  insect  than  vulgare,  with  a  much 
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shorter  (4  mm.)  pronotum,  and  a  much  longer  (11.5  mm.) 
and  straigbter  ovipositor.  To  be  looked  for  northward. 
Nebraska. 

7.  Orchelimum  lolantuniy  McNeill. 

Described  from  Henry  county,  Illinois.  Larger  than  vxdgartj 
with  much  longer  tegmina.    Posterior  femora  armed  beneath. 

8.  CeuthophUus  ensifer,  Packard. 

A  cave  form  described  from  Kentucky. 

9.  Ceutfiaphiln$  nigcr,  Scudder. 

Allied  to  latenSf  but  wholly  black  with  a  reddish  tinge.  Hind 
femora  short  and  unusually  slender.    Described  from  Illinois. 

10.  CeuihophUvs  divergenSj  Scudder. 

Color  of  lapidicohiSy  bi^t  with  five,  long  spines  on  each  side  of 
hind  tibiie,  which  turn  outward  at  right  angles  to  tibisp.  Ne- 
braska, Iowa. 

11.  Iladenoecus  cavemanimy  SsMBBure.   . 

A  stone  cricket,  said  by  Prof.  E.  D.  Cope  to  inhabit  Wyandotte 
Cave,*  but  not  included  in  the  list  proper,  as  I  have  seen  no 
specimens. 

12.  Undeapsylla  nigra,  Scudder. 

A  stone  cricket,  recorded  from  Iowa,  Nebraska  and  Illinois,  and 
therefore  to  be  looked  for  in  Indiana. 

Biological  Lahoratory,  Tekri:  Haite  HkiII  School,  May  10,  189:5. 


The  Blattid.k  ok  Indiana    By  W.  S.  Blatciilky,  Terre  Haute,  Ind. 

The  members  of  the  family  BlaUkhry  commonly  known  as  cockroaches, 
are  classed  among  the  Orthoptera  by  reason  of  their  biting  mouth  parts,  and 
direct  or  incomplete  metamorphosis.  From  the  other  families  of  that 
order  the  BlcUtidumsLy  be  known  by  their  depressed,  oval  form;  their  nearly 
horizontal  head,  which  is  bent  under  and  almost  concealed  by  the  broad 
protborax ;  their  slender  legs  of  equal  length  and  size ;  their  five  jointed 
tarsi ;  and  by  the  absence  of  either  ovipositor  or  forcipate  appendages  at  the 
end  of  the  abdomen. 

'^'Cope,  in  Reps.  Ind.  Geol.  Surv.,  IV.,  1872,  161,  and  X.,  187H,  4l>3,  mentions  this  species 
under  the  name  of  Jiaphidophora  suhtfrranca,  Scudder— a  synonym  of  H.  cairrnannn. 
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The  rings  of  the  abdomen  overlap  each  other  and  are  capable  of  great 
extension  and  depression  so  that  these  insects  seem  to  be  pre-eminently 
fitted  for  living  in  the  narrow  crevices  and  cracks  which  they  inhabit. 
The  lege  are  of  peculiar  structure  in  that  they  are  long  and  more  or  less 
flattened,  thus  enabling  the  cockroaches  to  run  with  surprising  swiftness, 
BO  that  the  family  has  been  placed  by  some  writers  in  a  separate  sub-order, 
the  Curwriay  or  runners.  The  wing  covers,  or  tegmina,  are  leathery,  trans- 
lucent, and,  when  well  developed,  overlap  when  at  rest;  while  the  wings 
never  exceed  the  tegmina  in  length,  and  in  some  cases  are  rudimentary  or 
even  wanting. 

From  the  other  Orthoptera  the  BlattuUv  differ  widely  in  the  manner  of 
oviposition,  as  the  eggs  are  not  laid  one  at  a  time,  but  all  at  once  in  a  pe- 
culiar capsule  or  egg  case  called  an  ootheca.  These  capsules  vary  in 
the  different  species  as  regards  the  size,  shape,  and  the  number  of  eggs 
they  contain,  but  they  are  all  similar  in  structure.  Each  one  is  divided 
lengthwise  by  a  membraneous  partition  into  two  cells.  Within  each  of 
these  cells  is  a  single  row  of  cylindrical  pouches,  somewhat  similar  in  ap- 
pearance to  those  of  a  cartridge  belt,  and  within  each  pouch  is  an  eg.<r. 
The  female  cockroach  often  runs  about  for  several  days  with  an  ootheca 
protruding  from  the  abdomen,  but  finally  drops  it  in  a  suitable  place  and 
from  it  the  young,  in  time,  emerge.  While  this  method  of  oviposition  is 
the  one  practiced  by  all  the  species  of  common  occurrence  in  the  I'nited 
States,  there  seem  to  be  exceptions  to  it,  as  Dr.  C.  V.  Kiley  has  recently 
recorded  the  fact*  of  an  introduced  tropical  species,  Panclilora  viridis, 
Burm.,  being  viviparous,  the  young  emerging  alive  from  the  body  of  the 
parent,  and  a  careful  dissection  of  the  latter  showing  no  trace  of  either 
eggs  or  ootheca. 

All  young  cockroaches  resemble  the  parents  in  form  but  are  wholly  wing- 
less, the  winsrs  not  appearing  until  after  the  fifth  or  last  moult.  The  young 
are  often  mistaken  for  mature  individuals  by  persons  who  have  not  made 
a  careful  study  of  the  life  history  of  the  insects  ;  and  those  of  one  or  two 
well  known  and  common  forms,  have,  in  the  past,  even  been  described  or 
figured  as  distinct,* wingless  species  by  some  of  the  leading  entomologinta 
of  the  country. 

To  the  paleontologist,  interested  in  tracing  back  the  ancestry  of  insects, 
the  BlatMv  become  at  once  a  group  of  surpassing  interest,  for  the  oldest 
known  insect,  Palnobhttina  donvillei,  Hrong.,  is  a  cockroach  recently  de- 
•:•  Insect  Life.  III.,  August.  1891.  IV>. 
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scribed  from  the  Middle  Silurian  of  France.*  Between  seventy  and  eighty 
fossil  species  of  the  family  are  known,  principally  from  the  Mesozoic 
formations,  but  some  from  all  above  the  Middle  Silurian.  Mr.  S.  H.  Scud- 
der,  of  Cambridge,  Mass.,  an  eminent  authority  on  insect  paleontology, 
says  of  the  cockroach  :  '^  Of  no  other  type  of  insects  can  it  be  said  that 
it  occurs  at  every  horizon  where  insects  have  been  found  in  any  numbers ; 
in  no  group  whatever  can  the  changes  wrought  by  time  be  so  carefully 
and  completely  studied  as  here  ;  none  other  has  furnished  more  import- 
ant evidence  concerning  the  phylogeny  of  insects." 

Although  abundantly  represented  in  individuals,  the  number  of  species 
of  BlcUtiihc  inhabiting  the  Piastern  rnite<l  States  is  comparatively  few,  but 
twelve  or  thirteen  having  been  recorded.  Of  these,  seven,  representing  five 
(lifferei^t  genera,  are  known  by  the  writer  to  occur  in  Indiana.  ( )f  the  seven, 
five  are  indigenous  or  native  species,  the  other  two  having  been  introduced 
from  the  Old  Worid. 

In  the  present  paper  is  given  a  synopsis  of  the  genera  occurring  in  the 
state,  together  with  the  accessible  synonymy  and  abrief  popular  descrip- 
tion of  each  of  the  species.  Such  notes  as  have  come  to  hand  during 
several  years  of  observation,  concerning  the  life  history,  distribution,  and 
habits  of  each  species,  are  also  added. 
A  Syxoi»sis  ok  thk  (Jkxkka  ok  Ulaitidk  OaTuiiiNo  in  Indiana. 

a.    Sub-anal  stylets  present  in  the  males. 
/'.    I.Ast  abdominal  sternite  of  the  female  divided ;  length  of  body  more 
than  22  nim. 
c.    Supra  anal  plate  either  truncate  or  pointed,  and  notched 

or  cleft  at  the  end I.     Pkkiplaneta. 

cc.    Supra-anal  plate  rounded,  entire  at  the  eml  ^.    .II.    Ischnoitera. 
f»h.    Last  abdominal  sternite  of  the  female  entire;  length  of  body  less 

than  1.")  mm III.    Temnoiteryx. 

na.    Sub-anal  stylets  absent  in  the  males ;  last  abdominal  ster- 
nite of  the  female  entire. 

(/.  Bo<ly  broad,  the  greatest  breadth  more  than  one-half 
the  length  ;  tegniina  not  reaching  the  tip  of  abdo- 
men     IV.     PXtobia. 

*fd.  Body  narrow,  the  greatest  breadth  about  one  third 
the  length ;  tegmina  reaching  to  or  beyond  the 
tip  of  the  abdomen V.    Piiyllodromia. 


■■Scinldcr,  liullctin  V.  S.  ^Jeog.  Survey,  No.  81,  page  10:J. 
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I.    Periplaxeta,  Burmeister  (1838.) 
Id  this  genus  the  sub-anal  stylets  of  the  male  are  well  developed ;  the 
last  abdominal  stemite  of  the  female  is  divided  ;  the  supra-anal  plate  is 
either  truncatey  or  pointed  and  notched  at  the  end,  and  extends  farther 
back  than  the  sub-genital  plate ;  while  the  abdomen  is  wider  than  the  front 
part  of  the  body.    All  the  femora  are  armed  beneath,  on  each  of  the  car- 
ina, with  a  single  row  of  slender,  curved  spines,  while  the  tibise  bear  a 
double  row  of  much  longer  ones  on  each  of  their  margins.    Two  of  the 
largest  species  occurring  in  the  state  belong  in  this  genus. 
1.    Periplaxeta  oRiENTALis,  (L.)    The  Oriental  Cockroach.    The  **  Black 
Beetle/' 
PeripUmeta  orientalise  Burmeister,  Haudbuch  der  Entom.,  II.,  1838,  504. 

Riley,  Stand.  Nat.  Hist.,  II.,  1884,  172,  fi^.  248. 
Id.,  Insect  Life,  II.,  March,  1890,  267. 
Comstock,  Intr.  to  Ent.,  I.,  1888,  93. 
Fernald,  Orth.  of  N.  Eng.,  1888,  52,  fig.  21.  m. 
Hyatt  &  Arms,  Insecta,  1890,  102,  pi.  4,  figs.  54, 55. 
Kakerlac  orientalisj  Serville,  Hist.  Nat.  des  Orthopteres,  1839,  72. 
BlaJtta  orierUalis,  Harris,  Ins.  Inj.  Veg.,  1802,  145,  fig.  (»6.  m. 

Rathvon,  U.  S.  Ag.  Rep.,  1862,  374,  figs.  4,  5. 
Stylopyga  orientaliSf  Scudder,  Bost.  Journ.  Nat.  Hist.,  VII.,  1862,  410. 

Glover,  U.  S.  Ag.  Rep.,  1874,  132,  fig.  4. 
Female  with  rudimentary  tegmina  which  do  not  exceed  5  mm.  in  length. 
Male  with  the  tegmina  and  wings  well  developed,  the  former  covering 
three- fourths  of  the  abdomen,  the  latter  almost  as  long.  General  color, 
dark,  mahogany  brown,  the  limbs  lighter,  thepronotum  without  a  yellow 
margin.  The  supra-anal  plate  of  the  male  is  truncate ;  that  of  the  female 
is  rounded  with  a  shallow  notch  at  the  end. 

Measurements:  Male — Length  of  body,  22.5  mm.;  of  tegmina,  14  mm.;  of 
pronotum,  6  mm.;  width  of  pronotum,  8  mm.  Female — length  of  body, 
27.5  mm.;  greatest  width  of  body,  13  mm. 

The  eggs  of  the  Oriental  cockroach  are  sixteen  in  number,  and  the 
large  horny  capsule  or  ootheca  in  which  they  are  packed  is  carried  about 

« 

by  the  mother  for  a  week  or  longer  when  she  drops  it  in  a  warm  and 
sheltered  place.  Along  one  side  of  the  capsule,  which  resembles  in  form 
and  color  a  diminutive  seed  of  the  pawpaw,  Asiiniyia  triloba^  Duval,  is  a 
seam  where  the  two  edges  are  cemented  closely  together.  When  the 
young  are  hatched  they  excrete  a  liquid  which  dissolves  the  cement  and 
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enables  them  to  escape  without  assistance,  leaving  their  infantile  reeep-* 
tacle  as  entire  as  it  was  before  they  quitted  it. 

The  Oriental  cockroach,  as  its  name  indicates,  is  a  native  of  Asia,  but 
has  been  carried  from  one  country  to  another  by  shipping.  It  delights  in 
filth  and  darkness,  and  hence  in  the  holds  of  vessels,  the  cellars  and  base- 
ments of  tenement  houses,  and  in  all  damp,  dirty  places  it  swarms  by 
thousands,  undoubtedly  doing  much  good  as  a  scavenger,  but  infinitely 
more  harm  on  account  of  its  omnivorous  and  insatiable  appetite.  Like  most 
other  members  of  the  family  it  feeds  mainly  at  night,  appearing  to  detest 
and  avoid  the  light,  as  one  can  readily  prove  by  taking  a  lighted  lamp 
suddenly  into  its  haunts,  when  a  hurried  scrambling  will  take  place  to- 
wards its  daylight  retreats,  and  but  a  few  moments  will  elapse  before  the 
last  of  the  busy  marauders  will  have  disappeared. 

This  is  probably  the  most  carnivorous  of  all  our  Blattida?,  though,  like 
most  others,  it  is  fond  of  starchy  food.  It  is  known  to  feed  upon  meat, 
(!heese,  woolen  clothes,  and  even  old  leather,  and  is  said  to  be  especially 
fond  of  the  festive  "  bed  bug,''  Acanthia  lectularia  L.,  which  soon  disap- 
pears from  a  house  infested  with  the  Oriental  roach. 

In  Indiana  this  species  is  found  in  all  the  larger  towns  and  cities,  and 
is  one  of  the  most  noisome  and  disagreeable  insects  with  which  certain 
classes  of  their  inhabitants  have  to  contend.*  It  seldom  occurs  in  houses 
in  thinly  settled  localities,  and  never,  as  far  as  my  observation  goes,  be- 
neath the  bark  of  logs  and  stumps. 

2.    Pekiim.ankta  AMERICANA,  (L.)    The  American  Cockroach. 

Pcriplaneta  arruricana,  Burmeister,  Handb.  der  Entom.,  II.,  1838,  503. 

Scudder,  Boston  Jour.  Nat.  Hist.,  VII.,  1862,416. 

Riley,  Stand.  Nat.  Hist.,  II.,  1S84,  172. 

Id.,  Insect  Life,  I.,  1888,  68;  II.,  1890,  266. 

Fernald.  Orth.  N.  Eng.,  1888,  oi. 
Kakerliw  amei^ana,  Serville,  Hist.  Nat.  des  Orthop,  1839,  68. 
BUUta  amerkana,  Rath  von,  U.  S.  Ag.  Rep.,  1862,  375.     (In  part.) 

Packard,  Third  Rep.  TJ.  S.  Ent.  Comm.,  1883, 309,  pis. 

XXV.— XXXV. 

From  the  Oriental  roach  this  species  may  be  readily  known  by  its  larger 
size  and  its  longer  tegmina  and  wings,  which,  in  both  sexes,  reach  beyond 
the  tip  of  the  abdomen.    The  supra- anal  plate  is  more  pointed  and  the 


"For  remedies  see  remarks  under  Phyllodromia  germanica  or  "  Croton  bug." 
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notch  at  the  end  is  narrower  and  much  deeper.  The  general  color  is  alao 
lighter,  being  a  reddish  instead  of  a  mahogany  brown,  while  the  prono- 
tum  is  broadly  margined  on  the  sides,  and  narrowly  in  front,  with  yellow 
which  encloses  a  large  bi-lobed  brown  spot.^ 

Measurements:  Male — Length  of  body  27  mm.;  to  tip  of  wings,  45 
mm. ;  of  tegmina,  27.5  mm.  Female — Length  of  body,  30  mib. ;  greatest 
width  of  body,  14  mm. 

The  American  cockroach  is,  as  its  specific  name  indicates,  a  native  of 
this  country ;  but  like  P,  orientalise  \t  has  spread  to  the  four  corners  of  the 
earth.  It  is  by  far  the  largest  species  found  in  the  State,  but  seems  to  be 
of  rather  limited  distribution  as  I  know  of  its  occurrence  in  but  two 
counties,  Putnam  and  Marion.  It  occurs  in  numbers  in  some  of  the  lead- 
ing hotels  of  Indianapolis,  but  usually  confines  itself  to  the  basement 
and  first  floor,  and  appears  to  be  much  more  cleanly  in  its  choice  of  an 
abiding  place  than  does  the  closely  allied  Oriental  roach. 

II.  IscHNOPTERA,  Burmeister  (1838.) 
Males,  with  the  sub-anal  stylets  present  but  minute,  and  often  bent 
abruptly  downward ;  last  abdominal  stemiteof  the  female  divided ;  supra- 
anal  plate  in  both  sexes  rounded,  not  notched  at  the  end  nor  extending 
as  far  backwards  as  the  sub-genital.  Body  narrower  and  more  elongate 
than  in  Perifdanetaf  the  abdomen  not  wider  than  the  thorax  ;  in  the  males, 
tapering  gradually  to  a  rounded  point.  Legs  spined  as  in  Periplaneta  but 
the  spines  not  so  long  and  strong  as  there.  Two  species  occur  in  Indiana. 
3.  IscHNOiTERA  PENXsvLVANicA,  (DeCreer.)  The  Pennsylvania  Ck>ckroach. 
Plaiamodes  pewmylvanicay  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII.,  1862, 417. 

Riley,  Stand.  Nat.  Hist,,  IL,  1884, 172. 
Comstock,  Intro.  Ent.,  I.,  1888,  93. 
Blalta  penntylranicay  Thomas,  Trans.  111.  St.  Agl.  Soc,  V.,  1865,  440. 
Ischnoptera  penmylvanicaj  Packard,  (luide.  Stud.  Ins.,  1883,  576. 

McNeill,  Psyche,  VI.,  1891,  78. 
Ectobia  HOvophila,  Scudder,  Boat.  Jour.  Nat.  Hist.,  VII.,  1862,  418.— (ju- 
venile.) 
BlaJUa  ainencana,  Rath  von,  U.  S.  Ag.  Rep.,  1862,  375.    (Note  and  fig.  5  a.) 
Tegmina,  long  and  narrow,  extending,  in  both  sexes,  much  beyond  the 
tip  of   abdomen.    Wings  as  long  as  tegmina.    Disk  of  pronotum  dark 
brown,  margined  on  sides,  and  sometimes  narrowly  in  front,  with  pale 


'•  In  tbis  respect  it  is  aulte  similar  to  Ischnoptcra  penrwylmnlca  DeGeer,  from  which  it 
may  be  readily  distinguuhed  by  its  much  broader  body  and  ilssured  supra-anal  plate. 
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yellow.  Tegmina  reddish  brown,  with  the  outer  basal  third  rather  broad- 
ly margined  with  transparent  whitish.  Antenna;  dusky,  reaching  back 
but  little  beyond  the  tip  of  tegmina.  Measurements :  Male— Length  of 
body,  21  mm. ;  to  tip  of  tegmina,  27  mm. ;  of  tegmina,  22  mm. ;  of  anten- 
me,  28  mm.;  of  pronotum,  5  mm.;  width  of  pronotum,  0  mm.  Female — 
Very  nearly  the  same,  the  body  being  a  little  wider. 

This  is  a  native  species  and  is  the  most  common  cockroach  in  the  State, 
being  found  everywhere  beneath  the  loose  bark  of  logs  and  old  stumps. 
It  is  usually  seen  in  the  wingless  stages,  the  mature  individuals  being 
common  only  from  May  to  ( )ctober.  The  half  grown  young,  described  by 
Scudder,  as  Ectobia  lithophila,  are  of  a  shining,  dark  brown  color,  the  dor- 
sal surface  of  thoracic  segments  often  lighter.  As  mature  specimens  are 
attracted  by  light,  country  houses  are  often  badly  infested  with  them ; 
and  where  food  is  scarce,  the  wall  paper  is  sometimes  much  injured  for 
the  sake  of  the  paste  beneath.  What  the  hordes  of  young  which  dwell 
under  the  bark  of  logs  live  upon  is  a  question  as  yet  unsettled,  but  the 
larva?  of  other  insects  undoubtedly  form  a  portion  of  their  food,  as  in  two 
instances  I  have  found  them  feeding  upon  the  dead  grubs  of  a  Tenebnof 
beetle ;  while  living,  as  well  as  decaying  vegetable  matter  probably  forms 
the  other  portion.  The  mating  of  the  imagoes  mostly  occurs  in  late 
summer  and  early  autumn,  the  newly  hatched  young  being  most  abund- 
ant from  mid  September  until  December.  The  young  in  various  stages  of 
growth  survive  the  winter  in  the  places  mentioned,  they  being  the  most 
common  insects  noted  in  the  woods  at  that  season.  Cold  has  seemingly 
but  little  effect  upon  them,  as  they  scramble  away  almost  as  hurriedly 
when  their  protective  shelter  of  bark  is  removed  on  a  day  in  mid  Janu- 
ary with  the  mercury  at  zero,  as  they  do  in  June  when  it  registers  a  hun- 
dred in  the  shade. 

The  empty  ootheca^  of  this  species  are  very  common  objects  beneath 
the  loose  bark  of  logs  and  especially  beneath  the  long  flakes  of  the  shell 
bark  hickory.  They  are  chestnut  brown  in  color,  from  7.5  to  10  mm.  in 
length  by  4  mm.  in  breadth,  and  are  much  less  flattened  than  those  of 
Phyllodromia  germanicay  or  "Croton  bug,"  described  below ;  while  the  dor- 
sal or  entire  edge  is  slightly  curved  or  bent  inwards,  after  the  fashion  of 
a  small  bean.  The  young,  after  hatching,  evidently  escape  in  the  same 
manner,  as  do  those  of  the  Oriental  cockroach,  as  no  break  is  visible  in 
the  empty  capsule. 
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4.  IscHNOPTKRA  uNicouiR,  (Scudder.) 

Platamodes  unicoUyr,  Scudder,  Boat.  Jour.  Nat.  Hiat.,  VII.,  1862,  417. 

Fernald,  Orth.  New  Eng.,  1888, 53. 
l9chnoptera  unicohr,  Scudder,  Proc.  Bost.  Soc.  Xat.  Hist.,  XIX.,  1877, 92. 

McNeill,  Psyche,  VI.,  1891,  78. 

A  much  smaller  species  than  the  preceding  but,  like  it,  having  both 
wings  and  wing  covers  exceeding  the  abdomen.  General  color  a  pale 
shining  reddish  brown.  Head  and  posterior  margin  of  pronotnm  darker 
as  is  also  the  apical  third  of  the  abdomen  beneath.  Antenna'  slender,  ^ 
tapering,  reaching  backwards  to  the  end  of  the  wing  covers.  Length  of 
body,  12  mm. ;  to  tip  of  tegmina  19  mm.;  of  tegmlna  16  mm. ;  of  prono- 
tum,  3  mm. 

A  single  male  of  this  species  was  taken  from  beneath  an  electric  light 
in  Terre  Haute,  Indiana,  on  the  evening  of  June  12,  1892.  On  May  28, 
1893,  a  number  of  others  were  secured  in  low  ground  from  beneath  the 
bark  of  a  red  oak  stump.  They  had  evidently  just  reached  maturity  and 
were  in  company  with  the  imagoes  and  young  of  I.  j^ennsyh'anica.  On 
being  exposed  to  view  a  number  of  them  flew  about  50  feet  to  a  clump  of 
May  apple  stems,  down  which  they  ran  and  endeavored  to  hide  beneath 
some  dead  leaves.  Nothing  farther  of  its  habits  is  known  by  the  writer 
but  they  are  presumably  the  same  as  those  of  /.  pennsyJvanica.  It  has 
been  noted  at  no  other  point  in  Indiana  and  heretofore  has  been  recorded 
only  from  the  New  England  States,  Illinois,  and  Iowa. 

III.    Temnopteryx,  Brunner  (1865). 

The  males  of  this  genus  have  the  sub-anal  stylets  present,  but  minute ; 
the  last  abdominal  sternite  of  the  female  is  broadly  rounded  and  entire ; 
supra-anal  plate  of  both  sexes  with  the  apex  rounded,  entire,  equal  in 
length  to  the  sub-genital.  Pronotum  with  its  lateral  edges  roundly  de- 
fiexed  as  in  Feriplaneta,  rather  than  flaring  outwards  as  in  Ischnaptera ; 
much  broader  in  the  female  than  in  the  male.  Body  of  male  rather  slen- 
der ;  that  of  female  stouter  with  the  abdomen  broader  than  the  thorax. 

5.  Temnoiteryx  DEROPELTiFDRMis,  Bruuner. 

Tetiinopteryx  deropeUiformis,  Brunner,  Nouv.  Syst.  des  Blattaires,  1865, 87. 
Tegmina  of  females  rudimentary  covering  only  about  one-third  of 
abdomen ;  those  of  the  males  fully  developed,  surpassing  the  abdomen  by 
5  mm.  Color  a  uniform  dark  mahogany  brown  except  the  tibia?  and  tarsi 
of  all  the  legs  which  are  a  light  reddish  brown,  the  contrast  between  the 
two  colors  in  living  specimens  being  very  striking. 
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Measurements:  Male — Length  of  body,  14  mm.;  of  tegmina,  15.5  mm.; 
of  pronotum,  3.5  mm.;  width  of  pronotum,  4.5  mm.  Female — Length  of 
body,  13  mm.;  of  tegmina,  4  mm.;  of  pronotum,  4.5  mm.;  width  of  pro- 
notum,  G  mm. 

In  Indiana  this  handsome  cockroach  has  been  noted  only  in  Vigo  county, 
and  there  in  but  one  locality,  the  border  of  a  marsh  in  a  low,  sandy  woods 
three  miles  east  of  Terre  Haute. 

A  single  pair  were  taken  on  May  28th,  and  on  June  18th  probably  a 
dozen  specimens  were  secured.  They  were  hiding  beneath  small  logs  and 
sticks,  and  the  males  when  deprived  of  their  shelter  flew  actively  away 
while  the  females  could  but  crawl,  and  that  rather  sluggishly  for  a  Blattid, 
towards  a  new  hiding  place. 

Brunner  (loc,  cit.)  recorded  it  from  "Amerique  du  Xord,*'  and  I  can  find 
no  other  note  of  its  occurrence  in  the  United  States. 

IV.    EiToiJiA,  Westwood  { 1  S3Uj. 

Sub-anal  stylets  of  males  wanting ;  lant  abdominal  stemite  of  females 
entire.  Supra-anal  plates  rounded,  entire,  somewhat  carinated  above. 
Abdomen  much  broader  thaii  front  portion  of  body,  its  greatest  breadth 
contained  less  than  twice  in  its  total  length.  Tegmina,  in  both  sexes,  not 
reaching  tip  of  abdomen. 

G.    EcTOHiA  FLAVot'iNi  TA,  Scuddcr.    The  Short-winged  Cockroach. 
Edobtaflatxhcinctaf  Scudder,  Bost.  Joum.  Nat.  Hist.,  \'II.,  18G2,  418. 

Corastock,  Intr.  to  Ent.,  I.,  18K8,  9?,. 
BlaUaf flavo-cincta,  Fernald,  Orth.  N.  Eng.,  1888,  51. 

This  is  a  short,  broad-bodied,  native  Hpecies,  in  which  the  tegmina 
cover  only  about  two-thirds  of  the  abdomen,  while  the  wings  are  much 
shorter.  The  disk  of  pronotum  and  dorsal  surface  of  abdomen  are  dark 
brown,  the  tegmina  reddish  brown.  A  rather  broad  yellowish  stripe  ex- 
tends from  the  head  along  the  deflexed  lateral  border  of  pronotum  and 
the  basal  third  of  tegmina.  The  sides  of  the  lower  half  of  the  face  are 
white,  and  all  the  limbs  are  pale  yellow.  Antenntc  dark  brown,  a 
little  longer  than  the  body. 

Measurements :  I^ength  of  body,  10  mm. ;  of  tegmina,  9  mm. ;  of  wings, 
6.5  mm. ;  of  antenna3,  18  mm. ;  of  pronotum,  5  mm. ;  width  of  pronotum, 
G.5  mm. ;  width  of  abdomen,  9.5  mm. 

^Mature  individuals  of   this  species  are  not  uncommon  beneath  bark 
and  logs  from  June  to  October.    Specimens  of  such  are  in  my  collection 
from  Marshall,  Putnam,  and  Visro  counties.  I  have  not,  as  yet,  been  able 
11 
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to  distingaish  the  young  from  those  of  Ischnoptera  pennsylvanicaj  found  in 
the  same  localities.  A  single  female  with  ootheca  protruding  was  taken 
on  September  3,  1892.  The  ootheca  is  dark  brown  and  smaller  than  that 
of  any  other  species  known  to  me,  measuring  only  5x4  mm. 

Flavo-cincta  is  a  species  of  northern  range,  having  hitherto  been  re- 
corded only  from  New  England  and  the  Lake  Superior  region. 

V.  PiiYLi.oDROMiA,  Servllle  (1839). 
Sub-anal  stylets  and  last  abdominal  stemites,  as  in  Ectobia.  Supra-anal 
plate  truncate  in  the  males,  suddenly  pointed  and  slightly  notched  in  the 
females.  Body  narrow,  the  greatest  breadth  contained  from  two  and  one- 
half  to  three  times  in  the  total  length.  The  abdomen  not  broader  than  the 
thorax  in  either  sex,  the  sides  almost  parallel  in  the  females ;  in  the 
male  tapering  sensibly  from  the  base.  The  tegmina  as  long  as,  or  longer 
than,  the  abdomen. 

7.     PiiYi.LODKOMiA  (iERMANicA,  (L.)    The  Crotou  Bug.    The  Water  Bug. 

The  (lerman  Cockroach. 
Blntta  germanica,  Burmeister.  Handbuch  der  Ent,  II.,  18i>8,  497. 

CJomstock,  Int.  Ent.,  I.,  1888,  93,  fig.  87. 
Fernald,  Orth.  N.  Eng.,  1«88,  50,  fig.  20. 
Ectobia  gennanica,  Scudder,  Bost.  Jour.  Nat.  Hist.,  VII.,  1862,  418. 

Glover,  U.  S.  Agl.  Rep.,  1874,  132,  fig.  3. 
Riley,  Stand.  Nat.  Hist.,  II.,  171,  fig.  247. 
Id.  Insect  Life,  I.,  1888,  68,  191. 
BlcUia  (Phyllodrwnia)  germanica,  Serville,  Hist.  Nat.  des  Ortho.,  1839, 107. 
PhyUodromia  germanica,  Packard,  (xuide  Stud.  Ins.,  1883,  576,  tig.  569. 

Riley,  Insect  Life,  II.,  1890,  26(>,  fig.   57  (All 
stages.) 
Ischnopiera  bivitlata,  Thomas,  Proc.  Davenport  Acad.  Nat.  Sci.,  1.,  1876, 

250,  pi.  XXXVI,  figs.  1,2. 
This  is  the  smallest  of  the  seven  species  of  Blattidic  which  are  known  to 
occur  in  the  State.  The  general  color  is  a  light  brownish  yellow,  the 
females  often  darker ;  all  the  limbs  much  lighter  than  the  body  ;  the  pro- 
notum  with  two  dark  brown,  longitudinal  bands  enclosing  a  yellowish 
stripe.  The  tegmina  and  wings  of  the  male  extend  to  the  end  of  abdomen, 
those  of  the  female  are  a  little  longer.  Antennse  dark  brown,  exceeding 
slightly  the  tips  of  the  closed  tegmina.  The  body  of  the  male  is  longer 
and  narrower  than  that  of  the  female. 
Measurements :    Male — Length  of  body,  13  mm. ;  of  tegmina,  10  mm. ; 
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width  of  body)  4  mm.    Female — Length  of  body,  10  mm. ;  of  tegmina, 
11  mm. ;  of  antenna?,  13  mm. 

The  ootheca  of  the  Croton  bug  is  very  light  brown,  a  little  over  twice 
as  long  as  broad,  7.5x3.5  mm.,  with  the  sides  somewhat  flattened  and  the 
edges  parallel.  Within  it  the  eggs,  thirty-six  in  number,  are  arranged  in 
the  usual  two  rows.  It  is  carried  about  by  the  mother  roach  for  several 
days  with  from  half  to  three-fourths  of  its  length  protruding  from  the 
abdomen,  and  when  dropped  in  a  favorable  place  the  young,  evidently 
very  soon,  emerge  from  it ;  for  in  a  bottle  in  which  a  female  with  pro- 
tuding  ootheca  waij  placed  at  eleven  o'clock  P.  M.  the  young  were  found 
to  have  emerged  on  the  following  morning  at  eight.  They  were  then 
wholly  white,  except  the  lateral  edges  of  the  abdomen,  where  a  blackish 
tinge  was  evident.  By  five  o'clock  in  the  afternoon  of  the  same  day,  hav- 
ing meanwhile  eaten  their  fill  of  moistened  wheaten  bread,  they  had 
become  too  large  for  their  skins,  and  had  moulted  for  the  first  time. 
They  then  measured  3  mm.  in  length,  and  the  head,pronotum,  abdomen, 
and  apical  half  of  antennae  were  black,  while  the  other  two  thoracic  rings 
and  the  basal  half  of  antennae  were  a  grayish  white.  The  half-grown 
young  are  very  dark  brown,  with  the  first  four  or  five  segments  bordered 
with  yellow,  and  with  traces  of  a  lighter  median  stripe. 

The  '*  Croton  bug,"  so  called  because  it  made  its  appearance  in  ISew  York 
City  in  numbers  about  the  time  the  Croton  Aqueduct  was  completed,  is 
a  native  of  Central  Europe,  but  like  the  Oriental  roach,  has  become  cos- 
mopolitan. 

It  seldom  if  ever  occurs  in  numbers  in  the  country,  but  is  one  of  the 
worst  insect  pests  with  which  the  inhabitants  of  the  larger  cities  of  the 
United  States  have  to  deal.  It  is  the  most  fecund  of  all  the  roaches,  and 
the  seasons  of  mating  and  hatching  of  the  young  are,  perhaps,  more  ir- 
regular than  in  any  other  species.  Adult  forms  are  evidently  to  be 
found  at  all  seasons  of  the  year,  as  I  have  taken  them  in  December,  April 
and  October.  It  is  not  so  much  a  lover  of  filthy  surroundings  as  is  the 
Oriental  roach,  and  hence  frequents  more  often  than  that  species  the 
dwellings  of  the  better  class  of  people.  It  delights  in  warm,  moist  places, 
and  is  especially  abundant  and  destructive  in  buildings  which  are  heated 
by  pteam. 

As  an  evidence  of  its  abundance  under  favorable  conditions,  Iwill  men- 
tion that  a  single  person  captured  for  me  over  thirty  adult  specimens  and 
fully  half  that  number  of  young,  in  lees  than  ten  minutes  in  the  kitchen 
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of  the  leading  hotel  of  the  city  of  Terre  Haute.  Where  it  once  obtains  a 
foothold  and  the  surroundings  of  temperature  and  food  supply  are  favor- 
able it  is  almost  impossible  to  eradicate,  as  its  small  flattened  form  en- 
ables it  to  hide  and  breed  in  cracks  and  crevices  which  none  of  the  other 
roaches  can  enter. 

Like  many  other  omnivorous  animals,  Croton  bugs  find  in  wheaten 
flour  a  food  substance  which  is  rich  in  nutrition  and  easily  digested,  and 
so  they  prefer  wheat  breads  and  starchy  materials  to  all  other  foods.  On 
account  of  this  liking  they  often  do  much  harm  to  cloth-bound  books 
by  gnawing  their  covers  in  search  of  the  paste  beneath.  They  also  seem 
to  have  a  peculiar  liking  for  paints  of  various  kinds,  and  in  the  office  of 
the  U.  S.  Coast  and  Geodetic  Survey,  at  Washington,  have  done  much 
damage  by  eating  off  the  blue  and  red  paints  from  the  drawings  of  im- 
portant maps.*  Townend  Glover,  in  the  U.  S.  Ag.  Rep.  for  1874,  states 
that  in  his  oflice  '*They  made  a  raid  on  a  box  of  water  colors  where 
they  devoured  the  cakes  of  paint,  vermilion,  cobalt  and  umber  alike ; 
and  the  only  vestiges  left  were  the  excrements  in  the  form  of  small 
pellets  of  various  colors  in  the  bottom  of  the  box." 

In  giving  a  remedy  for  this,  and  other  species  of  Blattidtic  which  fre- 
quent houses,  I  cannot  do  better  than  quote  from  Dr.  Riley's  excellent 
article  in  *'  Insect  Life."  He  says:  "Without  condemning  other  useful 
measures  or  remedies  like  borax,  I  would  repeat  that  in  the  free  and  per- 
sistent use  of  California  Buhach,  or  some  other  fresh  and  reliable  brand 
of  Pyrethrum  or  Persian  Insect  Powder,  we  have  the  most  satisfactory 
means  of  dealing  with  these  roaches. 

"Just  before  nightfall  go  into  the  infested  rooms  and  puff  into  all 
crevices,  under  base-boards,  into  the  drawers  and  crackB  of  old  furniture 
— in  fact  wherever  there  is  a  crack — and  in  the  morning  the  floor  will  be 
covered  with  dead  and  dying  or  demoralized  and  paralyzed  roaches,  which 
may  easily  be  swept  up  or  otherwise  collected  and  burned. 

"  With  cleardineasy  and  pem«tency  in  these  methods,  the  pest  may  be  sub- 
stantially driven  out  of  a  house,  and  should  never  be  allowed  to  get  lull 
possession  by  immigrants  from  without." 

For  no  other  insects  have  so  many  quack  remedies  been  urged  and  are 
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80  many  newspaper  remedies  published.  Many  of  them  have  their  good 
points,  but  the  majority  are  worthless.  In  fact,  rather  than  put  faith  in 
half  of  those  which  have  been  published,  it  were  better  to  rely  on  the 
recipe  which  T.  A.  Janvier  gives  (in  his  charming  article  on  "  Mexican 
Superstitions  and  Folk-lore,*'  published  in  a  recent  number  of  Scribner's 
Magazine)  as  current  among  the  Mexicans : 

''To  Gel  Rid  of  Cockroaches.— CoXi^h  three  and  put  them  in  a  bottle,  and 
so  carry  them  to  where  two  roads  cross.  Here  hold  the  bottle  upside 
down,  and  as  they  fall  out  repeat  aloud  three  credos.  Then  all  the  cock- 
roaches in  the  house  from  which  those  three  came  will  go  away." 


A  NOTK  ON  LOXIA  C  IRVIROSTRA.      By  W.  8.  BlATCHLEY. 


On  a  simple  AIH  thermometer  for  use  in  DKTERMININfl    HIGH  TEMPERATl'RES. 

By  W.  A.  NoYRs. 

[Abxtkact.  I 

The  thermometer  consists  of  a  bulb  of  hard  glass  having  a  capacity  of 
about  20  CO.  aud  connected  with  a  gas  measuring  tube  by  means  of  a  long 
capillary  tube.  This  tube  is  protected  by  means  of  a  double  walled  iron 
tube  cooled  by  a  stream  of  running  water.  The  capacity  of  the  bulb 
having  been  determined,  the  amount  of  air  expelled  from  it  when  it  is 
introduced  into  the  furnace  furnishes  the  data  necessary  for  calculating, 
approximately,  the  temperature.  The  apparatus  was  used  successfully  at 
650°  C.  but  for  higher  temperatures  a  porcelain  bulb  would  be  required. 


The  electrical  oxidation  of  (jlycerin.      By  W.  E.  Stone  and    II.  N. 
McCoy. 

[Ahstkact.) 

The  oxidation  products  of  glycerine  vary  according  to  the  means  em- 
ployed. We  have  made  use  of  the  electric  current  acting  upon  dilute 
solutions  of  glycerine  in  the  hopes  of  obtaining  glyceric  aldehyde.  The 
conditions  of  dilution,  strength  of  current,  temperature  and  conducting 
mediums  have  been  varied. 
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The  oxidation  is  less  destructive  in  neutral  or  alkaline  solutions. 

A  current  of  .2  to  .5  ampere  causes  a  rise  in  temperature  and  the  appear- 
ance of  a  yellow  color  if  the  solution  be  alkaline. 

Acids  and  sometimes  acrbleine  are  formed. 

The  oxidized  solutions  reduce  Fehling's  solution  strongly  in  the  cold 
and  give  the  fuchsin-sulfurous  acid  reaction  for  aldehydes. 

To  a  solution  which  gave  strong  reactions  for  glyceric  aldehyde  was 

added  enough  caustic  soda  to  make  a  2  per  cent,  solution  in  order  to  induce 

polymerisation.    After  standing  some  days,  a  pherylhydrazin  compound 

was  obtained,  which  melted  at  200°.    This  indicated  the  production  of 

glyceric  aldehyde  and  its  polymerisation  to  glucose.     « 

The  product  of  a  second  oxidation  was  polymersed  and  underwent 
alcoholic  fermentation  with  yeast. 

The  electric  current,  therefore,  produces  some  glyceric  aldehyde  from 

glycerine,  although  the  amount  is  small. 


On  SULPHON-PTIIALEIXS.     By  Wai.tkr  Jonk8. 


Modification  of  (iuandeau's  method  of  determination  of  humfs  in  soils. 
By  H.  A.  HrsTON  and  W.  F.  Mc Bride. 
The  paper  discusses  the  numerous  methods  proposed  and  used  for  de- 
termining the  total  carbon  in  the  soil  and  for  determining  the  organic 
matter  and  shows  that  none  of  these  methods  are  entitled  to  consideration 
excepting  the  process  of  Grandeau.  This  method,  which  consists  essenti- 
ally of  removing  the  bases  combined  with  the  humic  acid  by  means  of 
hydrochloric  acid,  subsequent  washing  with  water  and  extracting  on  a 
filter  with  ammonia  water,  is  compared  with  a  modification  of  the  method 
in  which  the  preliminary  washing  with  acid  and  water  is  the  same  but, 
instead  of  leaching  the  soil  upon  the  filter  with  ammonia  water,  the  soil 
is  transferred  to  a  500  cc.  cylinder,  treated  with  500  cc.  of  4%  ammonia, 
allowed  to  remain  in  contact  with  the  ammonia  for  thirty-six  hours,  with 
frequent  shaking.  During  the  earlier  part  of  the  digestion  the  cylinder 
is  left  upon  its  side,  thus  exposing  a  large  amount  of  surface  to  the  solvent ; 
during  the  last  twelve  hours  of  the  digestion  the  cylinder  is  placed  upright. 
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thus  allowing  the  soil  to  settle  before  an  aliquot  part  is  removed  for  the 
determination  of  the  humus. 

The  aliquot  part  is  evaporated  to  dryness,  dried  at  100°  C,  weighed,  ig- 
nited, weighed  again  and  the  loss  reckoned  as  humus.  The  following 
points  were  under  discussion  : 

1st.    Comparison  of  Grandeau's  metho<l  with  this  modified  method. 

2d.     Influence  of  varying  the  strength  of  the  ammonia  used. 

3d.    Influence  of  varying  the  time  of  digestion. 

4th.  Is  it  possible  to  complete  the  extraction  by  Grandeau's  method  in 
a  reasonable  time. 

oth.    Comparison  of  differences  in  duplicates  by  each  method. 

6th.  Are  the  amounts  of  phosphoric  acid,  potash,  etc.,  found  in  the 
a.sh  necessarily  associated  with  the  humus,  as  claimed,  or  are  they  to  be 
ascribed  to  the  solvent  action  of  the  ammonia  an<l  to  changes  due  to  the 
absorptive  property  of  the  soils. 

Numerous  determinations  are  given  upon  seven  different  soils,  showing 
that  the  modified  method  gives  much  higher  results  than  the  ordinary 
process  of  (iran<leau. 

Second,  In  the  Grandeau  method  marked  irregularities  follow  the 
changes  in  strength  of  the  ammonia  solution.  These  differencen  in  results 
bear  no  relation  to  the  strength  of  the  solution  used;  they  seem  to  be 
errors  due  to  the  difficulty  of  securing  a  complete  washing  of  the  soil  by 
the  ammonia  solution.  In  the  modified  method  the  changes  in  the 
strength  of  the  ammonia  solution  make  practically  no  cliflference  in  the 
amount  of  the  humus  extracted,  excepting  in  the  case  of  the  peat  soil, 
where  2%  ammonia  failed  to  extract  all  the  humus.  The  results  show  no 
considerable  increase  where  the  strength  is  increased  above  4^/ .  The  am- 
monia solutions  contained  2,  4,  7.3  an«l  Sfr  of  ammonia. 

Third,  The  increase  of  time  has  not  been  fully  investigated  but  the 
results  so  far  obtaine<l  in«licate  that  the  time  exerts  less  influence  in  the 
modified  than  in  the  Grandeau  method. 

Fourth,  With  peat,  when  the  Grandeau  method  is  used,  considerable 
material  is  passing  into  solution  at  the  end  of  ten  days ;  with  ordinary 
soils  this  is  not  the  case,  but  in  the  case  of  the  black  soil  (not  peat)  the 
extraction  was  not  complete  in  a  week.  On  the  peat  soil  the  modified 
method  extracted  from  10  to  50^^  more  than  the  Grandeau  and  on  ordi- 
nary soil  from  two  to  three  times  as  much  humus. 

Fifth,    In  comparing  a  large  number  of  duplicates  the  modified  method 
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was  found  to  give  much  more  concordant  results  upon  soils  high  in  humus, 
and  upon  those  low  in  humus  there  was  a  slight  improvement  over  the 
Grandeau  method. 

Sixth,  The  authors  see  no  reason  for  assuming  that  the  phosphoric 
acid  extracted  by  the  ammonia  is  in  any  way  associated  with  the  hnmus, 
for  Mr.  Huston  has  already  shown  that  the  phosphoric  acid  is  readily 
dissolved  by  ammonia  from  phosphate  of  alumina  and  iron.  It  is  gener- 
ally considered  that  there  are  bases  with  which  the  available  phosphoric 
acid  in  the  soil  is  combined.  In  the  same  way  we  may  account  for  the 
presence  of  potash  and  lime  in  solution  by  the  ordinary  laws  which  govern 
the  absorption  of  bases  by  zeolitic  minerals  in  the  soil. 

While  humates  also  take  part  in  soil  absorption,  it  is  not  necessary  or 
even  altogether  reasonable  to  consider  all  the  bases  removed  by  ammonia 
were  associated  with  the  humus.  In  fact,  the  theory  of  the  process  is  that 
the  bases  associated  with  the  humus  had  already  been  removed  by  means 
of  the  hydrochloric  acid  used  in  the  preliminary  washing  of  the  soil. 

The  paper  is  in  the  nature  of  a  preliminary  report  and  the  work  is  still 
in  progress.    A  complete  report  of  the  work  will  be  published  later. 


The  kxtraction  ok  wlax   from    straw  ix  the  maxifacture  of  paper. 
By  \V.  E.  Stoxk  axd  W.  II.  Test. 

[AB8TKA(T.] 

The  extraction  of  substances  from  stra^^-  which  on  inversion,  yield  a 
pentose  sugar,  has  been  established.  In  the  process  of  making  straw 
paper  the  straw  is  boiled  with  a  strong  solution  of  quick  lime.  This 
liquor,  when  acidulated  and  treated  with  an  excess  of  alcohol  throws 
down  a  precipitate  of  pentosans.  It  seemed,  therefore,  a  good  material 
for  the  preparation  of  xylose. 

The  liquor  is  yellowish  brown  in  color  and  alkaline.  Specific  gravity, 
1.215;  alkaline  equivalent,  2  to  2.5  per  cent,  calcium  oxide.  Total  resi- 
due on  evaporation,  3.05  per  cent.,  of  which  30.77  per  cent,  was  min- 
eral and  69.23  per  cent,  organic  in  nature.  Thirty-two  liters  of  the 
liquor  yielded  on  precipitation  with  alcohol,  300  grams  of  xylan.  This, 
on  distillation  with  hydrochloric  acid,  yielded  45.5  to  47.1  per  cent, 
furfurol.  This  could  not  be  inverted  by  methods  similar  to  those  prac- 
ticed by  Wohl  on  inuline.    The  ordinary  method  of  boiling  with  2  per  cent. 
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sulfuric  acid  was  resorted  to.    Thirty-five  grams  of  crystallized  sugar  were 
obtained,  which  were  identified  as  xylose. 

The  multirotation  of  xylose,  as  observed  by  Tollens,  was  confirmed.  The 
initial  rotation,  ^ve  minutes  after  solution,  was  71.r)5°,  which  became  con- 
stant at  18.40°  after  ten  hours. 


Ox  TIIK   DETERMINATION  OF  CIILOKINE  IN  NATIKAL  WATERS.      By  W.  A.  NOVES. 

[ABsTltACT.J 

American  waters,  apparently,  contain  much  smaller  amounts  of  chlorine 
than  most  natural  waters  in  England.  The  methods  of  direct  titration 
with  silver  nitrate  and  potassium  chromate  as  advised  by  Wauklyn  and 
Frankland  give  too  high  results,  and  sometimes  two  or  three  times  as 
much  chlorine  as  is  actually  present,  in  the  case  of  waters  low  in  chlorine. 
When  250  cc.  of  the  water  were  concentrated  to  about  25  cc.  and  filtered, 
the  titration  with  jj^  normal  silver  nitrate,  using  potassium  chromate  as 
an  indicator,  gave  results  agreeing  with  the  gravimetric  determination 
within  ^ff  part  per  million  in  the  case  of  a  water  containing  but  four  parts 
per  million  ot  chlorine. 


Tiiiofurki:rol  and  its  condensation  rRODUcrs.      By   W.  E.  Stone  and 
Clinton  Dk  ks()N. 

(ABSTIlArT.) 

Thiofurfurol  is  made  by  the  action  of  hydrogen  sulphide  on  an  alcoholic 
solution  of  f  urf  uramid.  It  is  characterized  by  its  disagreeable  odor.  It  is  a 
white  powder,  melting  at  117°  and  containing  about  29  per  cent,  of  sulphur, 
corresponding  to  the  formula  C5  H^  OS.  On  heating  strongly  vapors  are 
given  off  which,  on  condensation,  leave  beautiful  fibrous  crystals,  which 
are  not  easily  acted  upon,  probably  a  condensation  product.  If  the  thio- 
furfurol be  heated  with  an  excess  of  fine  copper  at  a  temperature  below 
the  boiling  point  of  water  decomposition  takes  place.  On  extracting  the 
mass  with  ether  and  evaporating,  there  remains  a  tarry  mass  which  yields 
compact  crystals  which  melt  at  149°,  contain  no  sulphur  and  are  probably 
also  a  condensation  product.    The  subject  will  be  investigated  further. 


Determination  <>f  valences.    By  P.  S.  Baker.    Published  in  DePauw  Bul- 
letin. 
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C0X?^T1TUTI()N. 


AKTICJ.K  I. 

Sr<  TioN  1.    This  Association  shall  be  called  the  Indiana  Academy  of 
Science. 

Se(  .  2.  The  objects  of  this  Academy  shall  be  scientific  research  and 
the  diffusion  of  knowledge  concerning  the  various  departments  of  science. 

AKTICLK  II. 

SwTiox  1.  Members  of  this  Academy  shall  be  honorary  fellows,  fel- 
lows, non- resident  members  or  active  members. 

Sb.'.  2.  Any  person  enga;j:ed  in  any  department  of  scientific  work,  or 
in  original  research  in  any  department  of  science,  sihall  be  eligible  to  ac- 
tive membership.  Active  members  may  be  annual  or  life  members.  An- 
nual members  may  be  elected  at  any  meeting  of  the  Academy;  they 
shall  sign  the  constitution,  pay  an  admission  fee  of  two  doUari!,  and  there- 
after, an  annual  fee  of  one  dollar.  Any  person  who  shall  at  one  time 
contribute  fifty  dollars  to  the  funds  of  this  Academy,  may  be  elected  a 
life  member  of  the  Academy,  free  of  assessment.  Xon-resident  members 
may  be  elected  from  those  who  have  been  active  members  but  who  have 
removed  from  the  state.  In  any  case,  a  three-fourths  vote  of  the  mem- 
bers present  shall  elect  to  membership.  Applications  for  membership  in 
any  of  the  foregoing  classes  shall  be  referred  to  a  committee  on  applica- 
tion for  membership,  who  shall  consider  such  application  and  report  to 
the  Academv  before  the  election. 

Skc.  ?».  The  mem])erB  who  are  actively  engaged  in  scientific  work,  who  have 
recognized  standing  as  scientific  men  and  who  have  been  members  of  the 
At'ademv  at  least  one  vear  mav  be  recommended  for  nomination  for  elec- 
tion  as  fellows  by  three  fellows  or  members  personally  acquainted  with 
their  work  and  character.  Of  Members  so  nominated  a  number  not  ex- 
ceeding tive  in  one  year  may,  on  recommendation  of  the  Executive  Com- 
mittee be  elected  as  fellows.  At  the  meetinjj:  at  which  this  is  adopted  the 
members  of  the  Executive  Committee  for  LS^M  and  fifteen  others  shall  be 
elected  fellows  and  those  now  honorary  members  shall  become  honorary 
fellows.  Honorary  fellows  may  be  elected  on  account  of  special  promi- 
nence in  science,  on  the  written  recommendation  of  two  members  of  the 
Academy.  In  any  case  a  three*- fourths  vote  of  the  members  present  shall 
elect. 
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AKTICLK  III. 

Sk(  TioN  1.  The  officers  of  this  Academy  shall  he  chosen  hv  ballot  at  the 
annual  meeting,  and  shall  hold  office  one  year.  They  shall  consist  of  a 
president,  vice  president,  secretary,  assistant  secretary,  and  treasurer,  who 
shall  perform  the  duties  usually  pertaining  to  their  respective  offices,  and 
in  addition,  with  the  ex-presidents  of  the  Academy,  shall  constitute  an 
executive  committee.  The  president  shall,  at  each  annual  meeting,  appoint 
two  members  t<>  be  a  committee  which  shall  prepare  the  programmes  and 
have  charge  of  the  arrangements  for  all  meetings  for  one  year. 

Skc.  2.  The  annual  meeting  of  this  Academy  shall  be  held  in  the  city 
of  Indianapolis,  within  the  week  following  Christmas  of  each  year,  unless 
otherwise  ordered  by  the  executive  committee.  There  shall  also  be  a 
summer  meeting  at  such  time  and  place  as  may  be  decided  upon  by  the 
executive  committee.  Other  meetings  may  be  called  at  the  discretion  of 
the  executive  committee. 

Skc.  3.  Tlfiis  constitution  mav  be  altered  or  amended  at  anv  annual 
meeting  by  a  throee- fourths  majority  of  attending  members  of  at  least 
one  years  standing.  No  question  of  amendment  shall  be  decided  on  the 
(lay  of  its  presentation. 


BY-LAAV^^. 


1.  On  motion,  any  npecial  dei)artment  of  science  shall  be  assigned  to 
a  curator,  whose  duty  it  shall  be,  with  the  assistance  of  the  other  mem- 
bers interested  in  the  name  department,  to  endeavor  to  advance  knowl- 
edge in  that  particular  department.  Each  curator  shall  report  at  such 
time  an<l  place  as  the  Academy  shall  direct.  These  reports  shall  include 
a  brief  summary  of  the  progress  of  the  department  during  the  year  pre- 
ceding the  presentation  of  the  report. 

'2.  The  president  shall  deliver  a  public  address  on  the  evening  of  one  of 
tlie  days  of  the  meeting  at  the  expiration  of  his  term  of  office. 

.*».  Xo  special  meeting  of  the  Academy  shall  be  held  without  a  notice 
of  the  same  having  been  sent  to  the  address  of  each  member  at  least  fif- 
teen days  before  such  meeting. 

4.  No  bill  ajzainst  the  Aca<lemy  shall  be  paid  without  an  order  signed 
by  the  president  and  countersigned  by  the  secretary. 

■>.  Members  who  shall  allow  their  dues  to  remain  unpaid  for  two  years, 
having  been  annually  n«»tilied  of  their  arrearage  by  the  treasurer,  shall 
have  their  names  stricken  from  the  roll. 

<>.  Ten  members  shall  constitute  a  quorum  for  the  transaction  of  busi- 
ness. 
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REPORT  OF  THE  BOTANICAL  DIVISION  OP  THE  INDIANA 

STATE  BIOLOGICAL  SURVEY. 

Lit  IKN  yi.   rXDKKNVOOl),  DIRECTOR. 

The  iDdiaDa  Academy  of  Science  at  its  spring  meeting  originated  the 
State  Biologipal  Survey  by  the  appointment  of  three  directors  who  were 
instructed  to  organize  the  survey  and  prepare  for  the  winter  meeting  a 
Bibliography  that  would  show  the  present  status  of  the  knowledge  of  the 
state  flora  and  fauna,  recording  in  accessible  form  what  had  been  already 
written  concerning  them.  It  was  further  thought  desirable  to  outline 
certain  features  of  new  work  that  could  be  reasonably  attempted  during 
the  season  of  1893.  In  order  to  make  known  the  purposes  of  the  survey 
the  following  general  statement  was  published  and  somewhat  widely  dis- 
tributed throuirh  the  state  in  July  last : 

lilOLCXIlCAL  SJKVKY  OF  INDIANA. 
CiRClI.AR  Nn.  1. 

At  the  last  meeting  of  the  Indiana  Academy  of  Science,  at  Terre  Haute, 
a  Biological  Survey  was  established  for  the  State  of  Indiana,  and  the  un- 
<iersigned  were  appointed  Directors  to  organize  the  survey  and  outline  the 
preliminary  work  ordered  by  the  .\(tademy. 

It  is  the  purpose  of  the  survey :  -( 1 )  To  ascertain  what  has  already  been 
accomplished  in  the  direction  of  making  known  the  character  and  extent 
of  the  life  of  the  state,  and  to  this  end  to  prepare  a  complete  bibliography 
of  materials  bearing  on  the  botany,  zoology  an<l  palaeontology  of  Indiana, 
to  be  published  by  the  Academy.  (2'  Te  associate  the  various  workers 
throughout  the  state,  and  so  correlate  their  labors  that  all  will  work  to- 
gether towards  a  delinite  end,  and  ultimately  accomplish  the  main  pur- 
pose of  the  survey,  namely,  -the  making  known  of  the  entire  fauna  and 
flora  of  Indiana,  its  extent,  its  distribution,  its  biological  relations,  and  its 
economic  importance.  (i>)  To  stimulate  the  teachers  of  biology  throughout 
the  state  to  encourage  in  their  pupils  the  accumulation  of  material,  which 
shall  make  known  the  local  extent  and  distribution  of  life- forms,  and  thus 
contribute  facts  that  will  be  useful  in  the  survey  and  at  the  same  time  de- 
velop acute  observers  for  continuing  the  study  of  the  natural  resoun-es  of 
the  state.  It  is  thus  intended  that  the  colleges  and  secondary  s<?hools  will 
form  with  the  survey  a  mutually  helpful  relation.  (4;  Ultimately  to 
eecure  for  the  Academy  a  collection  that  will  illustrate  the  biology  of  the 


14 

state.  Until  eucK  coUecrtion  can  be  otherwise  provided  for,  the  Academy 
will  designate  certain  public  or  private  collections  where  accumulated 
material  may  be  deposited  temporarily.  Material  sent  to  the  directors 
will  be  thus  held  for  the  future  disposition  of  the  Academy. 

It  is  earnestly  requested  that  all  persons  interested  in  any  department 
of  biological  work  will  place  themselves  in  relation  with  the  directors  of 
the  survey  at  once,  in  order  that  their  work  may  be  made  to  contribute 
the  most  effectively  tu  the  public  good,  and  in  order  that  the  directors 
may  know  on  whom  they  may  depend  for  gaining  information  from  vari- 
ous portions  of  the  state.  All  contributions  from  persons  interested  will 
be  properly  credited  in  the  report?*  of  the  survey.  Correspondence  is  so- 
licited with  the  director  of  the  particular  branch  in  which  any  one  is 
interested,  and  such  directions  in  regard  to  collecting  and  sending  ma- 
terial will  be  given  on  application.  By  the  assistance  of  the  .Smithsonian 
Institution,  the  directors  are  able  to  send  printed  directions  for  collecting 
to  such  as  a])ply  for  them.  (In  ordering  these  it  will  be  necessary  to  spec- 
ify in  what  particular  branch  information  is  desired.) 

Li<  iKN  M.  rNDEKwooi),  (Jreencastle,  Ind., 

Division  of  Botanv. 

m 

Cakl  II.  KuiKNMANN,  Blooniingtou,  Ind., 

Division  of  Zoolog>\ 
Vkknon  F.  Makmteks,  lUooniington,  Ind., 

Division  of  Pahi^ontology. 
1  tfuly  1S9X  Diwctortf  of  the  l>V}h.»gic<il  Sune;/  of  Indiana. 

In  addition  to  the  above  the  followimr  was  sent  out  bv  the  Botanical 
Division : 

sri:«  lAL  AXNOrNtKMENT  OF  THE  DIVISION  oV  HOTANV. 

It  is  the  purpose  of  this  Division  during  the  present  year  to  make  such 
additions  and  ('orre<'tions  to  the  published  **  Catalogue  of  the  Plants  of 
Indiana"  as  are  ])OSsible,  and  to  secure  definite  information  regarding  the 
distribution  of  such  rare  forms  as  are  there  published.  iSpecimens  illus- 
trating the  distribution  or  occurrence  of  any  plant  within  the  limits  of 
the  state  must  be  deposited  with  the  survey  before  any  notice  of  their  be- 
longing to  the  state  Mora  can  be  published.  This  will  insure  the  ability 
to  verify  in  future  any  fact  published  by  the  survey.  In  sending  such 
material  it  is  desirable  that  notes  on  the  station,  habitat,  range  and  abun- 
dance of  the  pUmt  be  noted,  together  with  any  other  information  that 
will  be  of  value. 

In  addition  to  the  flowering  plants  and  ferns  covered  in  the  above,  it  is 
the  intention  of  the  Division  to  commence  the  study  of  the  distribution 
of  the  lower  cryptogams,  concerning  which  almost  nothing  has  been  pub- 
lished from  Indiana.  While  collections  will  be  made  of  all  forms,  special 
attention  will  be  given  at  present  to  the  study  of  (1)  Mosses,  (2)  Hepaticj:e, 
and  (3)  Parasitic  Fungi.    Specimens  are  earnestly  desired  of  all  species, 


even  those  that  are  most  common,  from  all  portions  t)f  the  state.  It  is 
desirable  to  state  with  each  species  the  data  indicated  above,  with  partic- 
ular reference  to  the  habitat.  In  the  case  of  parastic  fungi,  it  is  necessary 
to  indicate  the  host,  and  to  in(;lu<le  sufficient  quantity  of  the  host  plant, 
that  doubtful  determinations  may  be  verified.  The  director  has  been 
promised  the  assistance  of  specialists  in  the  study  of  material  accumulated. 

J^rciKN  M.  Undkuwooi),  Director, 

Greencastlc,  Ind. 

The  Bibliography  called  for  by  the  Academy  has  been  prepared  and  is 
presented  with  this  report  a.s  Appendix  A.  It  has  involve<l  the  actual 
page  to  page  examination  of  large  files  of  journals  and  while  doubtless  in- 
complete will  when  published  serve  as  a  basis  for  periodical  additions. 

As  far  as  possible,  personal  collections  have  been  made;  but  with  the 
demands  of  a  full  laboratory  upon  the  director  there  has  been  little  time 
for  either  extensive  field  work  or  opportunity  to  fully  determine  the  ma- 
terial collectetl.  The  season  also  was  espo^'ially  unfavorable  from  the  long 
drought  that  lasted  from  June  to  SeptemV)er.  In  addition  to  the  spring 
excursion  to  Vigo  county  I  made  a  second  trip  to  the  same  region  in  late 
October.  One  trip  was  made  to  Lake  Maxinkuckee  and  the  tamarack 
swamps  in  the  vicinity  of  Kewanna,  Fulton  county.  Another  was  made 
to  Brown  county  in  May.  Two  trips  were  made  to  Eel  River  Falls  in 
Owen  county,  one  in  May  and  the  other  in  October.  Some  collecting  was 
done  in  the  vicinity  of  Craw  fords  vill'e  but  the  greater  amount  has  been 
accomplished  in  the  vicinity  of  Greencastlc  in  Putnam  county.  AVhile  all 
groups  of  cryptogams  have  been  collected,  special  attention  has  been  given 
to  thot?e  mentioned  in  the  circular.  Of  the  parasitic  fungi  the  fvillest  col- 
lections were  made  in  the  P>ysipheie.  Of  these  we  have  doubtless  an 
almost  complete  collection  and  a  few  comparisons  with  the  liora  of  adjoin- 
ing states  may  be  to  the  point.  In  Illinois,  the  report  by  Burrill  and 
Earle*  includes  27  species.  <if  tho.<e  all  but  one  have  been  found  in  In- 
diana (Sphirntthrco  pruhwm  C.  &  P.,  on  Bhus  glahra).  In  Ohio  the  report  of 
Selby  +  includes  24  species.  Of  these  all  have  been  found  in  Indiana  ex- 
cept the  unique  I-ncitmhi  Columbiana  on  Srutellaria  laterijlora.  The  entire 
number  found  in  Indiana  is  1^3  which  exceeds  the  Illinois  list  by  6  species 
and  the  Ohio  list  by  1)  species.  Of  other  groups,  the  Ure<lineie  have  been 
most  abundantly  collected.  So  far,  the  UstilagineM;  and  Peronosporea? 
have  not  been  found  abundant. 


•^  lUirrill  and  Earle.  Parnsitic  FuiiKi  of  IllinolH.    Part  II.  Bull.  lUinoisJ  .rftate  Lab.  Nat. 
in.sl.    2:  :is7-i:;2.  1S87. 
t  Selby.    The  Ohio  Kryslph«u.    Bull.  Ohio  A^ric.  Exj*.  .Sta.    1 :  213-221.    Ap.  ltj'»3. 
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In  addition  to  the  personal  collections  above  noted,  there  has  been  a 
reasonable  amount  of  willingness  expressed  on  the  part  of  botanists  else- 
where in  the  state  to  ('O-operate  in  making  known  the  cryptogamic  flora 
of  their  respective  localities.  The  most  serviceable  aid  in  this  direction 
has  been  rendered  by  Professor  M.  B.  Thomas,  and  his  assistant,  Mr.  E.  W. 
Olive.  During  the  past  autumn  they  have  collected  and  identified  120 
species  of  parasitic  fungi  from  the  vicinity  of  Crawfordsville.  It  is  likely 
that  during  the  present  winter  season  and  especially  during  the  coming 
summer  we  may  hope  for  much  local  work  of  this  character.  So  long  as 
the  survey  is  conducted  on  a  purely  voluntary  basis  this  local  work  is  a 
necessity  and  it  is  to  be  hoped  that  by  this  means  much  will  be  accom- 
plished in  the  direction  of  determining  the  extent  and  range  of  our  flora. 
One  great  lack  among  local  workers  is  the  lack  of  literature.  So  far  as  the 
colleges  are  concerned  only  three,  perhaps,  offer  more  than  minimum 
opportunities  in  this  direction.  So  far  as  I  am  aware  there  is  only  one 
copy  of  Saccardo'fl  Sifllogt'  FurKjorum  in  any  library  in  the  state,  and  other 
literature  is  almost  equally  lacking,  even  in  libraries  where  more  is  ex- 
pected. There  has  also  been  a  seeming  fear  on  the  part  of  some  that  work 
in  f-ysteniatic  botany  would  prove  an  injury  if  attempted  in  connection 
with  a  course  of  botanical  study,  and  that  anything  short  of  work  in 
cytology  was  undignified  in  a  botanical  laboratory.  It  is  certain  that  the 
swing  of  the  pendulum  has  reached  its  outward  limit  in  this  direction  and 
that  systematic  botany,  particularly  that  of  the  cryptogams  is  likely  to 
demand  more  serious  and  general  work  than  it  has  hitherto  been  accorded 
in  America.  So  far  as  the  laboratory  with  which  the  director  is  concerned, 
we  will  say  that  the  fullest  opportunities  will  be  given  to  any  local  workers 
who  may  wish  to  use  its  library  *and  collections. 

In  order  to  make  representative  species  more  accessible  to  local  workers, 
the  survey  has  planned  the  issue  of  a  series  of  exsiccatie  of  Indiana  cryp- 
togams for  distribution  among  public  and  private  collections,  where  they 
may  become  serviceable.  The  conditions  of  this  gratuitous  distribution 
will  be  given  privately,  though  it  may  be  here  stated  that  sets  will  be 
placed  in  at  least  four  of  the  colleges  of  the  state  that  maintain  a  perma- 
nent herbarium.    Of  course  the  labor  involved  in  preparing  these  seta 


'Ample  works  arc  here*  accessible  for  ordinary  systematio  reference  in  the  fungi. 
hepaticsi- and  inusei.  The  literaiiiro  of  the  algu*  and  lichens  though  considerable  is 
not  so  extensive.  The  same  is  even  more  true  of  the  collections,  as  may  be  seen  in  the 
note  >)clow. 
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makes  the  number  to  be  issued  very  limited.  The  first  two  fascicles  of 
Parasitic  Fungi  (100  species)  are  nearly  ready  for  distribution.  If  the 
matter  receives  sufficient  encouragement,  succeeding  fascicles  will  illustrate 
the  Musci,  Hepaticte,  Hymenomycetes,  Pyrenomycetes  and  Lichenee, 
respectively. 

Turning  now  to  the  higher  plants,  we  find  them,  of  course,  better  known 
but  their  local  distribution  is  a  matter  of  great  interest  and  one  on  which 
little  definite  information  is  at  hand.  In  the  only  publisheil  state  fiora* 
1,475  species  are  recorded.  Many  additions  have  been  made  to  this  list  by 
more  or  lees  reliable  collectors,  and  the  thorough  examination  of  the 
unexplored  portions  of  the  state  will  doubtless  reveal  many  others.  The 
accompanying  map  will  show  how  much  of  Indiana  is  yet  a  tena  incognita 
botanically.t  As  an  illustration  of  how  common  plaifts  may  be  passed  by,  I 
will  cite  the  case  of  the  common  cockle-bur.  In  the  state  flora  Xanthium 
strumarium  and  X  »pinoisum  are  recorded.  Growing  with  the  former  in 
Putnam  county  though  less  common  is  the  allied  A'.  Canademe  and  we  have 
alco  found  it  in  the  vicinity  of  Orawfordaville.  The  two,  quite  similar  in 
appearance,  though  common  weeds,  have  evidently  been  confused  together 
though  both  are  doubtless  more  or  less  widely  distributed,  especially  in 
the  northern  portions  of  the  state. 

The  revision  of  the  higher  flora  we  have  placed  in  the  )iandH  of  Professor 
Stanley  Coulter  to  whom  all  material  will  hereafter  be  referred.  Professor 
Ck>ulter  has  at  oar  request  prepared  a  paper  on  the  present  statu?  of  the 
Phaneroganic  Flora  of  the  state.  It  is  desired  in  this  connection  (1)  To 
ascertain  what  plants  have  been  added  to  the  flora  since  the  catalogue 
was  published,  by  securing  either  from  those  who  originally  reported  them 
or  otherwise  a  set  or  sets  of  these  plants  that  may  be  placed  in  some  her- 
baria for  future  reference.  A  list  of  these  will  be  published  later  but  it  is 
the  intention  of  the  survey  to  admit  no  empty  names  to  the  list;  until  the 
plants  themselves  accompany  the  name  a.s  a  voucher,  they  will  be  rigor- 
ously excluded.  {'1)  To  verify  the  plants  of  the  catalogue  itself  either  by 
material  now  in  some  existing  collection  or  by  the  collection  of  new  mate- 
rial in  the  original  or  other  localities.    It  is  thus  intended  to  have  some- 

<;ataIoKue  of  the  Pbst'iiogamous  and  Va-scular  CryptogamouR  PlaiiU  of  Indinna.  By 
editors  of  the  Botanical  Gazette  and  Prof.  Charles  K.  Barues,  Crawfordsville.  Indiana, 
1>4M.    Supplement  T.  April.  18^2. 

tTiie  map  presented  with  this  report  is  not  rei>roduced  here.  It  showed  that  less 
than  one-third  of  the  counties  had  been  entered  by  a  tield  botanist,  and  that  not  over  a 
dozen  could  l»e  .said  to  have  been  botanically  explored. 
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where  an  accessible  set  of  the  plants  of  the  entii'e  state  which  may  serve 
as  the  basis  of  a  complete  catalogue. 

In  regard  to  the  assistance  that  local  and  amateur  botanists  can  render 
the  survey  we  will  say  that  their  work  can  be  made  of  inestimable  value 
if  properly  directed.  The  publication  of  county  lists  with  nothing  back 
of  them  except  the  opinions  of  persons  whose  general  acquaintance  with 
the  flora  of  the  country  is  slight,  is  not  to  be  encouraged.  Back  of  every 
note  and  every  local  list  there  ought  to  be  a  well  kept  collection,  and  in 
the  case  of  rare  plants  there  should  be  duplicates  placed  in  some  one  of  the 
larger  public  collections  so  that  the  identity  of  the  plant  in  question  can 
be  placed  beyond  the  danger  of  being  lost  as  soon  as  the  novelty  of  the  first 
collection  wears  off.  The  colleges  at  least  where  botany  is  made  a  subject 
of  some  importance  ought  to  have  a  collection  of  state  plants  for  constant 
reference.  In  some  of  the  larger  high  schools  also  the  collection  of  the 
local  flora  can  be  made  a  useful  adjunct  of  the  year's  study  of  botany  and 
the  town  high  school  can  thus  serve  as  a  local  centre  of  botanical  interest 
that  will  keep  alive  the  local  development  of  the  subject  among  many 
who  would  otherwise  drift  away  from  botany  into  something  else.  Nor 
should  this  interest  be  confined  to  *' iiianuar*  plants.  Mosses,  lichens^ 
fungi  and  alg(e  should  also  form  a  rational  part  of  the  field  study  even  in 
the  high  school  period. 

Finally  we  invite  a  thorough  co-operation  of  all  the  workers  of  the  state 
to  assist  in  placing  the  definite  record  of  the  Indiana  flora  in  safe  keep- 
ing, and  develop  as  widely  as  possible  the  knowledge  of  the  extent  and 
distribution  of  the  plants  of  the  state. 

It  is  deemed  advisable  to  present  as  complete  a  list  as  possible  of  the 
Indiana  cryptogams  that  have  been  collected  already  in  order  that  it  may 
serve  as  the  starting  point  for  further  work.  In  this  list  nothing  is  admit- 
ted unless  accessible  specimens  exist  in  some  collection  that  is  likely  to 
become  permanent.*    We  include  therefore  the  following  material: 

Most  of  the  specimens  herein  named  are  <lep(tsite(l  in  the  Underwood  Herbarium  as 
probalily  the  largest  cryptogamic  collection  in  the  Mute.  This  collection  so  far  as  the 
plants  l)elow  the  Pteridophytes  are  concerned  contains  the  various  groups  as  follows : 

>^U8ci— About  1*00  species  represented  by  abnut  3,dK»  specimens. 

Ilepatica — About  l.:WX)  spwiics  represented  by  about  7,(K)0  !<pecimens. 

FuiiKi— About  0,500  s])ecie8  represented  by  about  9,<JiM.»  specimens. 

Lirhenes— About  .iOO  species  represented  by  about  hx)  si>eeimcns. 

Al^M — About  2u0  Npecies  represented  by  about  ;UK)  specimens. 
Witb  the  rteridr»phytes  of  the  colleetion  the  herbarium  contains  nearly  h,000  species 
rcprc^enied  l»y  some  'J"».0(K)  specimens.    Kxct-pt  rtic  ferns,  this  collection  has  l>een  accn- 
raulated  mainly  since  is>7  and  <'ontains  numerous  rare  exsiccatiw. 
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1.  Material  collected  mostly  about  Lafayette  by  Dr.  J.  C.  Arthur  and 
H.  L.  Bolley.  This  is  preserved  in  their  own  private  collections  and  in 
most  cases  duplicates  have  been  been  placed  at  my  disposal. 

2.  Some  mosses  collected  by  W.  S.  Blatchley  in  Monroe  and  Vigo  coun- 
ties. 

3.  Material  collected  by  E.  M.  Fisher  mostly  in  Montgomery  and  John- 
son counties  and  deposited  in  the  herbarium  of  the  Department  of  Agri- 
culture (Division of  Vegetable  Pathology). 

4.  Material  collected  by  M.  A.  Brannon  illustrating  a  paper  on  **  Some 
Mildews  of  Indiana,"  read  before  the  Academy  1889.  Duplicates  of  moat 
of  this  material  have  also  been  placed  at  my  disposal. 

5.  Material  collected  in  the  vicinity  of  Crawfordsville  in  1893  mainly 
by  K.  W.  Olive.  Duplicates  of  this  material  have  been  contributed  to  the 
survey. 

<).  Material  collected  by  the  writer  in  various  counties  of  the  state, 
1891-1893,  including  that  collected  since  the  organization  of  the  survey. 

7.  Occasional  miscellaneous  species  collected  by  various  individuals 
and  in  our  possession. 

The  above  represents  all  the  cryptogamic  material  that  is  known  to  be- 
long to  the  state  flora  that  is  accessible  at  present.  iSome  few  additional 
lists  have  been  published  but  as  they  are  not  represented  by  accessible 
specimens  they  are  not  considered  here. 

Thanks  are  due  to  the  following  who  have  identified  certain  materials 
in  the  line  of  their  specialties:  Prof.  D.  C.  Eaton,  Prof.  R.  Thaxter,  Prof. 
G.  F.  Atkinson,  Prof.  C.  E.  Cummings,  Prof.  C.  K.  Barnes,  Charles  H. 
Peck,  J.  B.  Ellis,  E.  W.  1>.  Holway.  Much  assistance  has  been  rendered 
by  various  students  in  my  laboratory  in  the  preliminary  determination  of 
material. 

Thanks  are  also  due  to  the  managers  of  the  Vandalia  road  for  various 
favors  that  have  made  more  extensive  collections  possible. 

LrciKX  M.  rNDKRWOOl), 

Greencastle,  Indiana,  December  .">,  is9;>. 
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AITKXDIX  A. 
BIBIilOQRAPHY  OP  INDIAlf  A  BOTANY. 

Comparatively  little  material  is  at  hand  to  record  the  early  botanical 
work  done  within  the  limits  of  the  present  state  of  Indiana,  though  it  is 
doubtless  a  fact  that  could  the  history  be  correctly  told  it  would  present 
many  features  of  interest.  The  first  recorded  item  of  the  history  dates  back 
just  a  century  for  we  know  that  Michaux  came  to  Louiaville,  Kentucky, 
in  July  170:s,  and  collected  plants  in  that  vicinity,  and  that  later  (1795), 
he  ascended  the  Wabash  as  far  as  Vincennes.  Thomas  Nuttall  botanized 
along  the  Ohio  river  to  its  mouth  in  1818.  A  little  later  the  erratic  Raii- 
nepque,  who  was  professor  of  natural  science  in  the  University  of  Lexing- 
ton, Ky.,  ISIM-IS'JG,  collected  in  states  to  the  north  and  south  of  his  home 
and  was  an  occasional  visitor  in  our  state.  The  eetabhshment  of  the  com- 
munistic society  at  New  Harmony  made  that  place  a  rendezvous  for  all 
the  visiting  naturalists  and  when  the  full  history  of  that  enterprise  is 
written,  there  will  be  much  of  interest  connected  with  these  visits.  Among 
them  Maximilian,  Prince  of  Neuwied,  spent  a  winter  there  (18:>2-3)  and 
published  a  list  of  the  trees  of  the  vicinity  in  18U9.  During  this  period 
also,  Riddell  and  Short  were  botanizing  along  the  southern  borders 
oi  the  state,  and  Lapham  of  Wisconsin,  occasionally  collected  grasses 
and  other  plants  in  the  northern  parts.  In  1835  Dr.  Clapp  of  New 
Albany  made  considerable  collections  in  that  vicinity,  a  part  of  which  is 
still  preserved  in  the  herbarium  of  Wabash  College.  Alphonso  Wood 
once  resided  at  Terre  Haute  and  made  considerable  collections  in  the 
state. 

The  commencement  of  the  series  of  county  floras  was  made  by  Profes- 
sor A.  H.  Young  for  Jeflerson  county  in  1871,  soon  followed  by  one  for  the 
lower  Wabash  Valley  by  Dr.  Schneck  of  Mt.  Garmel,  111.  Two  additional 
lists  of  Jeflerson  (*ounty  plants  have  been  made,  the  second  by  John  M.  Coul- 
ter and  the  third  by  Charles  R.  Barnes.  Other  similar  lists  have  followed : 
for  Noble  county  by  Van  Ciorder,  Steuben  by  Bradner,  East  Central  Indi- 
ana by  Phinney,  Franklin  by  Meynke,  Dearborn  by  Collins,  and  Clark  by 
Tlaird  and  Taylor.  In  addition  to  these  several  have  been  prepared,  but 
not  published:  Putnam  by  MacDougal,  Monroe  and  Vigo  by  Blatchley, 
Henry  by  ^Irs.  Mikels,  and  Knox  by  Spillman.  The  unfortunate  feature 
about  most  of  these  publications  is  the  fact  that  nothing  exists  but  the  or- 
iginal list.     In  many  cases  not  a  single  specimen  stands  behind  the  list,  so 
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that  verification  of   doubtful  plants  will  be  impossible  until  additional 
material  is  collected. 

Probably  the  greatest  impetus  to  the  study  of  Botany  in  Indiana  was 
given  by  the  founding  of  the  Botanical  Bulletin  in  November  1875,  soon 
changed  to  the  Botanical  Gazette.  Its  original  form  was  quite  unlike  its 
present  magnitude — a  four  page  sheet  without  cover  in  place  of  its  present 
40  page  issue.  Its  contents  also  were  as  unlike  the  present  as  can  be  well 
imagined  and  the  file  of  this  journal  may  well  be  taken  to  represent  the 
splendid  progress  made  in  the  science  of  Botany  in  America  during  the  past 
two  decades.  The  first  numbers  were  largely  filled  with  local  notes  and  the 
entire  journal  during  the  first  few  years  of  its  existence  shows  its  strictly 
provincial  character.  In  IBS]  this  journal  published  a  catalogue  of  the 
state  flora  including  nearly  1  ^•'HX)  plants  stopping  with  the  ferns.  In  the  pre- 
paration of  this  flora,  much  assistance  was  received  from  Rev.  £.  J.  Hill 
regarding  the  flora  of  the  northern  counties  of  the  state  and  he  has  since 
contributed  many  notes  regarding  the  rarer  plants  of  that  region.  This 
portion  of  the  state  has  further  received  some  attention  from  Messrs. 
,  Higley  and  Raddin  in  their  flora  of  Chicago  and  vicinity. 

The  story  of  the  study  of  the  cryptogamic  flora  of  the  state  is  soon  told. 
Uromi/as  les})edfz:i  seems  to  have  been  the  first  of  the  lower  cryptogams 
to  be  reported  in  1870  by  John  M.  Coulter.  Sixty -nine  species  of  mosses 
were  reported  from  Houthern  Indiana  by  A.  H.  Young  in  1876.  and  a  num- 
ber of  Mosses  and  Lichens  were  reported  from  Wayne  county  by  Mrs. 
Haines.  Both  these  collections  are  in  existence  but  they  are  not  accessi- 
ble for  reference  at  the  present  time.  II.  L.  Ik)lley  and  Dr.  J.  C.  Arthur 
have  collected  some  material  from  the  vicinity  of  I^fayette ;  among  that 
collecte<l  by  Mr.  Bolley  were  several  interesting  Uredinea?  on  Carex  and 
other  Cyperads.  Those  collected  by  I>r.  Arthur  were  mostly  species  of 
economic  interest.  In  1S5K)  E.  M.  Fisher,  under  appointment  of  the  De- 
partment of  Agriculture  at  Washington,  collected  a  considerable  number 
of  parasitic  fungi  mostly  in  Montgomery  and  Johnson  counties.  J.  N. 
Rose  and  M.  A.  Brannon  have  each  had  a  brief  struggle  with  the  powdery 
mildews  and  AV.  II.  Evans  at  one  time  made  some  collection  of  the  lich- 
ens, but  the  material  does  not  seem  to  be  in  existence  at  present.  Dr. 
Julius  Roll  made  extensive  collections  of  mosses  in  America  and  a  con- 
siderable number  of  species  from  Hobart,  Indiana  are  included  in  his  list. 
This  sums  up  in  brief,  the  history  of  botanical  collection  and  local  workers 
in  Botany  to  the  time  of  the  organization  of  the  Biological  Survey. 
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The  following  papers  have  been  published  to  date  which  bear  more  or 
leps  directly  on  the  state  flora.  Many  additional  data  concerning  Indiana 
plants  are  given  in  the  various  manuals  of  botany  which  have  not  been 
included  in  this  enumeration : 

Arthur,  Joseph  Oharles.    Spotting  of  Peaches  and  Cucumbers.    Bull. 
Ag.  Exp.  Sta.,  Indiana,  No.  19.    (Jan.  1889.) 

Account  of  CladwfH)riiiin  c(irj)ophnnm  and  C.  cnntmeruniw. 

Smut  of  AVheat  and  Oats.    Bull.  Ag.  Exp.  Sta.,  No.  28.     (Sept.  18S9.) 

Xcvount  of  Tilletiafii'tt  na  Awd  r>/<7«<7^>  rnr^.r. 

Treatment  of  Smut  in  AVheat.      Bull.  Ag.  Exp.  Sta.,  No.  :J2.      (July, 


1S90.) 

Methods  of  controlling  stinking  smut  of  wheat  ( Tilktia  /(ticna). 

The  Loose  Smut  of  Oats.     Bull.  Ag.  Exp.  Sta.,  No.  :r>.     (Mar.  1891.) 

A<?connt  of  treatment  of  Vstilmjo  rnv  «.r. 

Treatment  of  Powdery  Mildew  and  Black  Rot.     Bull.  Ag.  PIxp.  Sta., 

No.  38.     (March,  1892.) 

Brief  account  of  treatment  of  rnriniiUi  njnpt'lojtf^hliit  and  UtttiHlin  liUhitUii. 

Arthur,  J.  O.,  and  Qolden,  Katherine.    Diseases  of  the  Sugar  Beet 

Root.    Bull.  Ag.  Exp.  Sta.,  No.  :i9.    (April,  1892.) 
Account  of  "  lieet  Scab,'  attributing  it  to  a  bacterial  disease. 

Bailey,  Liberty  Hyde.      Limits  of  Michigan  Plants.     Bot.  Gazette, 

7:  10.V108.     (Sept.  1882.)' 
Notes  on  some  Indiana  plants. 

Baird,  John  F.,  and  Taylor,  John  L.  The  Flora  of  Clark  county,  Ind. 
Manual  of  the  Pub.  Schools  of  Clark  county,  Ind.,  for  1878-9,  4o-(>o. 

Barnes,  Oharles  Reid.  Notes  [on  various  plants].  Bot.  Gazette,  2: 
120-121.     (July,  1877.) 

Addenda  [to  flora  of  Jefferson  county].    Bot.  (Gazette,  :>:  11^.    i  Feb- 
ruary, 187S.) 
\(\i\s  three  species  to  previous  lists. 

Catalogue  of    Pha^nogamous   and  Vascular  Cr>'ptogamous  Plants 

found  growing  wild  in  Jefferson  county,  Indiana,  to  which  is  added  a 
list  of  plants  jxrowing  in  Clark  county,  but  not  found  in  Jefferson,  by 
John  F.  Baird.     S  vo. :  pp.  i».     {  ?  ) 

Barnes,  C.  R.,  Brotherus,  Dr.,  Venturi,  Dr.  v.,  Renauld,  F., 
Cardot,  J.,  Roll,  J.,  Stephani,  F.  Nord-Amerikanische  Laabmoose, 
Torf moose  und  I-«bermoose  gesammelt  von  Dr.  Julius  Roll  in  Darm- 

sUilt.     Hedwigia,  n2:  lSl-20:i.  2t>0-:U)9,  ."34-402.     (181K5.) 

Inohidei  species  collected  at  Hobart.  Indiana:  J*.»Mnsci.  l»  SphaKnacea*.  5  Hepatica*, 
with  several  new  varieties. 
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Benedict,  A.  C,  and  Blrod,  M.  *N.    A  partial  list  of  the  Flora  of  Wa- 
bash and  Cass  counties,  with  notes.    17fh  Ann.  Rept.  Geol.  Survey,  2(J0- 


272. 


(1892.) 


List  of  91  plants. 

Blatohley,  W.  S.    On  AVeeds  in  general,  and  our  worst  weeds  in  par- 
ticular.   Indiana  Farmer.     (8  March,  181K).) 

Includes  list  of  20  worst  weeds  of  Indiaua,  and  home  account  of  their  origin  in  the 
state. 

The  Iron  weed.    Indiana  Farmer.    (4  October,  1890.) 

Discusses  habits  and  general  character  as  a  weed. 

BoUey,  H.  L.  ^  The  Hetera'cismal  Puccinire.    Am.  Month.  Micros.  Jour., 

10:  169-180,  plate.    (1889.) 

Illustrates  Puccinin  BoWynua  and  gives  account  of  the  change  of  host  plants  for  sev- 
eral species. 

Sub-epidermal  Rusts.     Bot.  Gazette,  14:  139-14r>.    Pi.  l.'>.    (June, 

1889.) 

Notes  on  various  Indiana  species  of  Purcinin. 

Wheat  Rust.    Bull.  Ag.  Exp.  Sta.*,  No.  2<».    (July,  1889.) 

Account  of  PiicHn'm  fframinis,  P.  coronnia,  P.  rttbigo-rrra. 

Botanical  Gazette.    Some  Big  Trees  of  Indiana.    Bot.  Gazette,  5 :  m-70. 

(May,  1880.) 

Quotes  notes  from  Case's  liotanical  Index. 

Notice  of  Catalogue  of  the  Flora  of  Indiana.    Bot.  Gazette,  0: 179. 

(Jan.  1881.) 

Note  to  effect  that  work  through  Compositiu  was  done  by  C.  K.  Barnes,  and  that  re- 
maining work  was  to  be  done  by  editors. 

Flora  of  Indiana.    Supplement  I.  (April,  1882),  pp.  1-4. 

List  of  4.3  additions,  bringing  the  number  of  vascular  plants  of  Indiana  to  1.475. 

New  Indiana  Plants.    Bot.  Gazette,  8:  28.").    (Aug.  1883.) 


Notes  four  additions  to  the  state  flora. 

Bowers,    Homer.     A   contribution   to  the  life  history  of  Hydrastis 

Canadensis.    Bot.  Gazette,  16:  7:i-82.    PI.  s.    (March,  1891.) 
Notes  on  life  history  and  probable  extinction  of  the  species  in  Indiana. 

Bradner,  E.    A  partial  Catalogue  of  the  Flora  of  Steuben  county.    17th 

Ann.  Kept.  Geol.  Survey,  13.V159.    (1S92.) 
List  of  729  species. 

Collins,  8.  H.     A  partial  flora  of  Dearborn  county,   Indiana,  and  vi- 
cinity.   Kith  Ann.  Rept.  Dept.  of  Geology  and  Natural  History,  o7<)-382. 

(188i>.) 

List  of  '24S  species. 
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Oopeland,  Herbert  E.    Cyclostoma  platyphyllum  Moquin.     Bot.  Bul- 
letin (now  Bot.  Gazette),  1 :  6.    (l>ec.  1875.) 

Notes  this  plant  as  established  on  Fall  creek.     Also,  Nn^urtium  gtmlijlortim  and  />"C- 
lijloiiciiiuin  ^Kiyptiaciiin  in  Indianapolis. 

Coulter,  John  Merle.    Sullivantia  Ohionis.    Amer.  IJat.,  9:  572.    (1S74.  ) 
Its  occurrence  near  Hanover,  with  some  account  of  its  habitat. 

Partial  list  of  the  flora  of  Jeffereon  county,    (ith  Ann.  Rept.  Geol. 

iSurvey ,  229-277.     ( 1 87."). ) 
List  (»f  7*22  species. 

Aster  XovM-Anglijo.    Bot.  Bulletin  (now  Bot.  Gazette),  1:  2.    (Nov. 


^ 


1875.) 

Notes  on  habits  of  plants  growing  in  vicinity  of  Hanover. 

(^uerci  near  Hanover,  Ind.    Bot.  Bull.,  1:  2.    ^Nov.  1875.) 


Mentions  nine  species  In  vicinity. 

Diarrhena  Americana  Beauv.    Bot.  Bull.,  1:  <>.    (Dec.  1875.) 


Notes  occurrence  of  this  plant  in  Clifty  Ravine. 

Dentaria  laciniata  Muhl.    Bot.  Bull.,  1:  8.    (Dec.  1875.) 


Notes  variations  of  this  plant  in  vicinity:  suggest  union  of  several  species  of  Dentnria 
under  one  name. 

An  interesting  herbarium.    Bot.  Bull.,  1:  9-10.     (Jan.  187().) 


Account  of  the  collection  of  Dr.  Clapp,  who  collected  in  vicinity  of  New  Albany. 
18:i')-6,  then  preserved  >)y  the  Natural  History  Society  of  that  place. 

Some  effects  of  the  unusaal  season.    Bot.  Bull.,  1: 11-12.  (Jan.  1870.) 


Notes  bloKsoming  of  various  plants  in  December,  1^75,  in  various  parts  of  state. 
Some  plants  noted  in  Carroll  county,  Indiana.    Bot.  Bull.,  1:  12. 


(Jan.  1876.) 

Notes  richness  of  Jlora  of  Wabash  valley. 

Some  early  plants.    Bot.  Bull.,  1:  15.    (Feb.  1870.) 


Notes  early  blossoming  of  plants,  January,  1876. 

Uromyces  lespedeza*  (Schw.)    Bot.  Bull.,  1:  20.     (March,  1870.) 


Notes  occurrence  of  this  rust  as  plentiful  on  L.  rhtiotru.  Quotes  letter  from  C\  H. 
Peck,  naming  the  fungus,  which  seems  to  have  been  the  first  collected  In  the  state 
of  which  we  have  any  definite  record. 

Some  plants  new  to  the  Flora  of  Jefferson  county.     Bot.  Bull.,  1: 


o4-;*>5.     (June,  1870.) 

Notes  on  the  occurrence  of  numerous  plants  not  included  in  the  two  lists  of  the  (Jeol. 
Survey. 

Plants  new  to  Jefferson  county.    Bot.  Bull.,  1:  38.  (July,  1870.) 


Additional  list  collected  by  A.  H.  Young. 

Some  Carices  near  Hanover,  Ind.     r>ot.  Bull.,  1:  .SS-40.    (July,  187<». ) 


List  of  24  species,  with  notes. 

The  "Knobs"  of  Southern  Indiana.     Bot.  Bull.,  1:  41-42.   (August, 


1870.) 

Rrief  account  of  the  Horn  of  this  rcKion  in  Clark  and  Floyd  <HKintie»«.  * 
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Magnolia  acuminata  L.    Bot.  Bull.,  1:  44.    (August,  ISTti.) 

Notes  OD  this  species  near  Hanover,  Ind. 

Conobea  multifida  Benth.    Bot.  Bull.,  1:  47.     (Sept.  1S7*>.) 


Notes  on  this  species  from  Kirkville,  Ind. 

Some  river  bank  flowers.    Bot.  Bull.,  1:  .■)l-"ii*.     (Oct.  187G.) 


Notes  on  plants  growing  in  the  allnvium  of  the  Ohio  river  near  Hanover,  Ind. 
Aster  oblongifolius  Nirtt.    Bot.  Gazette,  2:  (v>-i)(>.     (Dec.  1870.) 


Notes  occurrence  in  Jefferson  county. 

Natural  grafting.    Bot.  Gazette,  2:  137.     (Sept.  1877.) 


Notes  OtrpihHit  growing  on  trunk  of  Fatjnt  near  Hanover. 

Spermacoce  glabra  Michx.    Bot.  Gazette,  2:  137-lo8.  (Sept.  1877.) 

Note  of  station  near  Hanover. 

The  "Barrens"   of  Southern  Indiana.    Bot.   Gazette,  2:   145-14(5. 


(Oct.  1877.) 

Brief  account  of  the  Hora  of  these  regions,  located  in  <'lark,  Floyd,  Washington  and 
Harrison  counties. 

Some  new  statidhs.    Bot.  Gazette, :»:  24      (March,  1S78.) 


Notes  on  rare  plants  of  Clark  county. 

The  Flora  of  Northern  Indiana.     Bot.  (gazette,  4:  10l)-113.     (Jan. 


1 879. ) 

Notes  based  largely  on  a  botanizing  trip  along  the  I.,  s  &  .M.  .*<.  R.  R. 

A  natural  Botanic  Garden.    Bot.  Gazette,  o:  70.    (May,  1880.) 


Notes  on  Hora  of  Wabash  Cullef^e  campus. 

A  comparative  new  of  the  Flora  of  Indiana.    Bot.  Gazette,  <>:  3tH- 


302.     (Dec.  18S1.) 

<7ive8  comparative  statistics  of  the  Hora  of  Indiana,  Washington,  D.  C,  and  eastern 
United  States. 

Some  Notes  on  Physostegia  Virginiana.      Bot.  Gazette,  7:  111-112. 


(Sept.  1882.) 

Notes  the  flower^  as  cataleptic. 

Coulter,  J.  M.,  Coulter,  M.  S.,  and  Barnes,  C.  R.  Catalop:ue  of  the 
Pha^nogamous  and  Vascular  Cryptogamous  Plants  of  Indiana.  8  vo.  pp.  38. 
Crawfordsville    (1881.) 

List  of  1,4.32  species. 

Coulter,  John  M.,  and  Thompson,  Harvey.  Origin  of  the  Indiana 
Flora.    15th  Ann.  Rept.  Geol.  Survey,  2:)3-282.     (18S<>.) 

Coulter,  [M.]  Stanley.  On  the  size  of  forest  trees  in  Jefferson  county, 
Ihd.     Bot.  Bull.  1:  10.     (Jan.,  lS7(i.) 

Notes  large  tree^.  e^iptTially  PhitanuH  iwrithntfiliSt  Fa*ju$  ftrrugimn  and  LirUxloulron 
Tnlipi/ern. 
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Th^  numerical  reUtions  existing  among  the  forest  trees  of  Jeffer- 
son county,  Ind.    Bot.  Bull.^  1:  1").    (Feb.  1870.) 

<iives  relative  abundance  in  per  cents :  Fngusfrmtginea  lcad>  with  35  per  cent. 

The  forest  trees  of  Cass  County,  Ind.    Bot.  Bull.,  1:  42-415.    (Aug. 


is7r>.) 

Notes  on  relative  abundance ;  the  (luerri  forming  50  i>er  cent. 

Note  on  Euphorbia  marginata.    Bot.  Gazette,  2:  aS.    (Dec.  187t5.) 


Note  on  naturalization  of  this  ]>lant  on  Eel  river. 

The    Forest  Trees   of   Indiana,  their  distribution  and   economic 


value.  Trans.  Indiana  Horticultural  Society,  181>1,  157^192  (181»2.)    Also, 
separate  pp.  3(». 

List  of  106  specie§.  with  notes  on  distribution  and  economic  characters. 

Ourtiss,  Oeorffe  L.    Diatoms  of  the  waters  of  Indiana.    r2th  Ann.  Rept. 

Geol.  Survey,  377-384,  PI.  33-:is.    ( 1S8:J. ) 

Figures  numerous  species  of  Diatoms :  a  few  of  the  figures  named. 

Elliott,  Thomas  B.    The  trees  of  Indiana.    Trans.  Indianapolis  Acad. 

Science,  72-86.    (1S72.)  ♦ 

I  Not  seen  :  inserted  on  aathority  of  l>r.  N.  L.  Britton's  State  and  Lo(*al  Floras.] 

Qeddes,  W.  N.    Some  great  ragweeds.    Bot.  Bull.,  1:  14-15.  (Feb.  1870.) 

Notes  .iint>ro9ta  triflda  12  to  18  feet  high  near  Hanover. 

GKorby,  S.  S.    Geology  of  Miami  county.    IGth  Ann.  Kept.  Dept.  of  Geol- 
ogy and  Natural  History,  Kio-l 88.    ( 1S89. ) 
Includes  list  of  trees  and  shrubs,  pp.  Ifts-ITO. 

G-rahn,  E.  G-.    Microscopical  Notes.     Bull.  Brookville  Soc.  Nat.  Hist., 

No.  I.,  31M1.     (188.'>.) 

List  of  44'>  Diatomacciv  and  2  Desmidiaceii'  from  vicinity  of  Brookville. 

Haines,  Mary  P.  List  of  Ferns,  Mosses,  Hepaticro  and  Lichens  col- 
lected in  AVayne  county.  Sth,  S)ih  and  10th  Ann.  Kept.  Geol.  Survey, 
2:v>-i>:;9.    (187!).) 

Hifirley.  William  K.  and  Radden,  Charles  S.    The  flora  of  Cook 

county,  Illinois,  and  a  part  of  I^ke  county,  Indiana.    Bull.  Chicago 

Acad.  Sci.  II:  i  -xxiii,  1-1(58,  with  map. 
rhanerogams  and  Pterid«»phytes  of  Lalce  county  north  of  the  Little  Calumet  river. 

Hill,  B.  J.    liotanical  Notes.    Bot.  Gazette,  (>:  2.V.>-2(>:i.    (Sept.  1881.) 

Localities  for  varlou.x  plants  in  Northern  Indiana. 

Eleocharis  dispar  n.  sp.    Bot.  Gazette,  7:  li.    (Jan.  1S82.) 

From  Lake  county:  referred  by  Gray's  Manual  to  E.  capitata  R.  Br. 

Notes  on  Indiana  Plants.    Bot.  Gazette,  7:  lvS7-188.   (]\Iarch,  1882.) 

Gives  stati<»ns  of  new  plants  from  Lake  county. 
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Notes  on  Indiana  Plants,  1SS:J.    Bot.  Gazette,  U:  4o-4h.  ( March,  1884.) 

Various  Lake  county  stations. 

Some  Indiana  Tlants.    Bot.  Gazette,  10:  2(»2-2r».3.    (April,  1885.) 


Stations  in  Lake  and  Porter  counties. 

Some  Indiana  Plants.    Bot.  Gazette,  i:5:  32:1.     (Dec.  18S8.) 


Notes  on  certain  plants  of  the  northern  counties. 

Notes  on  the  Flora  of  Chicago  and  vicinity.    Bot.  Gazette,  17:  24()- 


252.     (August,  18<)2.) 

Notes  on  a  few  Lake  county  species. 

Hussey,  John.    Kegular  flower  in  Pedicularis  Canadensis.  Bot.  Gazette, 

4:  KkJ-K)?.     (June,  187i».) 
Note  on  form,  from  near  Lafayette. 

Lapham,  Increase  A.  The  (irasses  of  Wisconsin  and  the  adjacent 
states  of  Iowa,  Illinois,  Indiana,  Ohio  and  Michigan,  and  the  territory 
of  Minnesota  and  the  region  ahout  Lake  Superior.  Trans.  Wis.  State 
Ag.  Soc.,  3:  397-488.     (185;J.) 

Maximilian,  Alexander  Philip  (Prince  of  Neuwied).  [List  of  trees  in 
vicinity  of  New  Harmony.]  Reise  in  das  innere  Nord-Amerika,  1:  201), 
(Coblenz,  1839.) 

Includes  list  of  60  species  of  trees. 

Meyncke,  O.  M.    A  large  re<l-bud.    Bot.  Gazette,  7:  :{<).  (March,  1882.) 

Tree  14  inches  in  diameter  near  Brookville. 

.  The  Flora  of  Franklin  county.   Bull.  Brookville  Soc.  Nat.  Hist.,  No. 
1:  l:{-88  (1885);  No.  2:  45-49  (lS8t>). 

Phianey,  A.  J.    Catalogue  of  the  Flora  of  Central  Eastern  Indiana. 

(Alpine  or  elevated  district  of  the  State.)    12th  Ann.  Kept.  Geol.  Survey, 

vey,  11H>-24:.J.     (188:^.) 

Mainly  from  Delaware  and  Wayne  counties. 

Riddell,  John  L.  Synopsis  of  the  Flora  of  the  Western  States.  West- 
ern Joum.  of  Med.  and  Phys.  Sciences,  7:  32i)-:i74  (Jan.  1835);  489-5.'>6 
(April,  is:i"i.) 

Intended  to  cover  Ohio,  Indiana,  Illinois,  West  Tennesisec,  MiMsouri  and  Northwest 
Territories. 

List  of  1,802  species,  including  mosses,  hepatica-  and  lichens. 

Ridffway,  Robert.    Notes  on  the  Native  Trees  of  the  Lower  Wabash 

and  White  river  valleys  in  Illinois  and  Indiana.    Proc.  U.  S.  Nat.  Mus., 

-:  49-88.     (1882.) 

Valuable  notes  on  '.12  species  of  trees. 

Additions  and  corrections  to  the  list  of  native  trees  of  the  Lower 

Wabash.    Bot.  Gazette,  8:  345-:J.'>2.    (Dec.  188:{.) 
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Rose,  Joseph  N.    Xostoc  and  Penicillium  in  Na  Cj  H,  Oj.  Bot.  Gazette, 

10:  280.    (May,  1885.) 

Note  on  occurrences  of  these  i)lants  in  a  four  per  cent,  solution  of  sodium  acetate. 

Notes  on  the  conjugation  of  Spirogyra.    Bot.  Gazette,  10:  304-306, 

PI.  7.     (July,  188o.) 

Diverse  methods  of  conjugation  studied  at  Wabash  (College. 
Mildews  of  Indiana.    Bot.  Gazette,  11:  <i0-<i3.     (March,  1880.) 


Enumerates  12  species  of  Erysiphel. 

Selinum  Canadenee  in  Indiana.    Bot.  Gazette,  11:  338.    (Deo.  18S(».) 


Notes  discovery  of  station  of  this  i>lant  near  Crawfordsville. 

Schneck,  J.    Flora  of  the  Lower  Wabash  valley,  below  the  month  of 

the  White  river.    7th  Ann.  Kept.  Geol.  Survey,  504-579.    (1870.) 
List  ot  867  specien,  some  of  which  belong  to  the  flora  of  Illinois. 

Some  plants  of  the  Lower  Wabash.    Bot.  Gazette,  2:  8:*..    (Feb.  1877. ) 

1*6  plants  added  U)  his  previous  list. 

Thompson,  Maurice,    (veographical  Botany.    15th  Ann.  Rept.  Geol. 

Survey,  242-252.     (18K6.) 

Introduction  to  paper  by  Coulter  and  Thompson. 

Preliminary  sketch  of  the  characteristic  plants  of  the  Kankakee 

region.     16th  Ann.  Rept.  Dept.  of  Geol.  and  Nat.  Hist.,  155-161.    (18SM.) 
Brief  list  of  a  few  common  plants. 

Geological  and  Natural  History  Report  of  Carroll  county.    17th  Ann. 


Rept.  Geol.  Survey,  171-191.    (1892.) 
Contains  a  partial  list  of  i>lants,  pp.  188-190. 

Thompson,  Harvey.      Origin  of  the  Flora  of  Indiana.    Bot.  Gazette, 

11:  88-^K).     (April,  188().) 

Kesum<''  of  longer  article,  by  Coulter  and  Thompson. 

Troop,  J.     Grasses  of  Indiana.-  Bull.  Ag.  Exp.  Sta.,  No.  29.    (Dec.  18S9.) 
Desi'riptions  of  128  grtisses  known  to  inhabit  Indiana,  with  figures  of  several. 

Underwood;  Lucien  Marcus.    Some  Additions  to  the  state  Flora  from 
Putnam  county.    Proc.  Ind.  Acad.  Sci.,  1891,  89-91.     (1892.) 

Notes  on  Eui*ttrhia  JNorfrf//«vi.  Fofwmbroula  cristata,  Tnwutcf  ainhk/ua,  llinhtum  strata^um^ 
ConJtfcepg  rnpUata,  Phallwi  Rnveiulii. 

Edible  Fungi. — A  great  waste  of  vegetable  food  in  Indiana.   Trans. 

Indiana  Hort.  Hoc,  1898,  t)2-(>7.     ( 18i)4.) 

Popular  act'ouut  of  the  moat  common  edible  species,  with  plate. 

Van  Q-order,  W.  B.    Catalogue  of  the  Flora  of  Noble  county,  Indiana. 
Pp.  52.    Kendallville,  Ind.     ( 1 88r>. ) 

List  of  &x]  species,  25  of  which  are  not  in  state  catalogue  of  18m1. 

Young,  A.  Harvey.     Manual  of  the  Botany  of  Jefterson  county.     2nd 

Ann.  Rept.  Geol.  Survey,  2.V5-292.     il871.) 
List  of  i'*yo  species. 
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Notes  on  certain  species  of  the  genus  Asplenium.     Bot.  Bull.,  1 : 

2-:}.    (Nov.  187.>.) 

Notes  OD  four  species  of  Southern  Indiana. 

Notes  on  some  interesting  plants  found  in  Jefferson  county.    Bot, 


Bull.,  1:  0-8.     (Dec.  187.'>.) 

Notes  occurrence  and  stations  of  several  rare  plants. 

Notes  upon  some  Graminefii.    Bot.  Bull.,  1:  18-20.   (March,  1876.) 


Notes  based  on  collections  in  Jefferson  county. 

Ferns  near  Hanover,  Ind.     Bot.  Bull.,  1:  22-2:?,  27.    (April,  May, 


1876.) 

Notes  on  habitat  of  twenty  species  of  ferns. 

Bry ©logical  Notes.    Bot.  Gazette,  2:  61-62.     (Dec.  1876.) 


Includes  list  of  69  species  from  Southern  Indiana,  chiefly  near  Hanover. 

Jeflfersonia  diphylla  Pers.    liot.  Gazette,  2:  13(>-137.    (Sept.  1877.) 


Notes  on  variations. 

Ilabenaria  peram(i?na  Gray.    Bot.  Gazette,  2:  137.    (Sept.  1877.) 


Notes  abundance  near  Hanover. 

Monotropa  uniflora.    Bot.  Gazette,  3:  37-38.    (April,  1878.) 


Notes  station  in  Jefferson  county,  and  poisonous  effect :  cf.    Bot.  Gazette,  3:  'tl->V>  and 
T'j.  on  latter  point. 


IN  PUBLISHED  PAPERS  READ  HEFORE  THE  A(  ADEMY. 

Blatchley,  W.  S.     List  of  the  plants  of  Monroe  county,  Ind.    (Read, 

1SS8.) 

Paper  accessible;  many  of  the  plants  are  in  the  herbarium  of  DePauw  Tniversity. 

The  Composita?  of  Vigo  county,  Ind.    (Head,  1889.) 

Paper  accessible. 

On  some  plants  new  to  the  state  list.    (Read,  1889.) 


Paper  accessible  ;  many  of  the  plants  are  in  the  herbarium  of  DePauw  University. 

Brannon,  M.  A.    Some  Indiana  Mildews.    (Read,  1889.) 

Paper  in  the  hands  of  the  survey,  also  duplicates  of  many  of  the  specimens. 

Evans,  Walter  H.    Lichens  ofilndiana.    (Read,  1887.) 

Paper  not  accessible ;  specimens  ought  to  be  at  Wabash  College,  but  cannot  be  found. 

Fisher,  B.  M.    Parasitic  Fungi  of  Indiana.    (Read,  1890.) 

Paper  not  accessible ;  plants  were  collected  for  I>iv.  of  Veg.  Pathology,  r.  S.  Dept. 
Agrioulture.  Through  the  kindness  of  Prof.  B.  T.  (ialloway.  a  list  of  species  col- 
lected is  in  possession  of  the  survey. 

Hubbard,  G-.  O.    Additions  to  the  Flora  of  Indiana.     (Read,  188(j  and 

18^7.) 

Papers  not  accessible  as  read :  a  complete  list  of  plants  collected  by  Mr.  Hubbard  in 
Indiana  is  in  the  possession  of  the  survey. 
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MacDougral,  Daniel  T.    The  plants  of  Putnam  county.  (Read,  1889.) 
Paper  in  the  hands  of  the  survey;  most  of  the  plants  it  represents  are  in  the  herbar- 
ium of  DePauw  rniveisity. 

Meyncke,  O.  M.     Notes  on  the  White-epored  Agarics  of   Franklin 

county,  Ind.     (Read,  18H7.) 

Paper  not  accessible  ;  plants  represented  by  the  notes  not  preserved. 

Mikels,  Rosa  Redding'.     Preliminary  paper  on  the  flora  of  Henry 

county,  Ind.    (Read,  1891.) 

Paper  accessible ;  few  plants  to  represent  the  flora  preserved. 

Shannon,  W.  P.     The  Occurrence  of  Veratrum  Woodii  in  Decatur 
county,  Ind.    (Read,  1890.) 

Spillman,  "W.  J.    Preliminary  list  of  Knox  county  plants.  (Read,  1890.) 

Paper  not  accessible :  a  list  of  Knox  county  plants  in  the  herbarium  of  the  writer  i» 
in  the  hands  of  the  survey. 


APPENDIX    n. 

LIST  OF  CRYPTOQAMS  AT  PRESENT  KNOWN  TO  INHABIT  THE 

STATE  OF  INDIANA. 

In  the  following  list  specimens  collected  by  various  persons  are  duly 
credited;  where  no  collector  is  named,  the  collection  was  made  by  the 

Director  of  the  Survey.  The  plants  collected  by  Mr.  Fisher  are  in  the  U. 
8.  Nat.  herbarium ;  a  few  of  these  have  not  been  collected  by  any  one 
else.  Unless  a  special  statement  is  made,  all  species  are  represented  in 
the  Tnderwood  herbarium  ;  reference  is  made  in  brackets  for  those  species 
not  in  our  possession.  A  considerable  amount  of  material  including  some 
interesting  alga'  has  not  been  fully  determined  as  yet,  and  some  small  col- 
lections have  not  been  worked  over. 

MYXOMYCSTES. 
Ar<  YRiA  ciNKRKA  (Bull.)  Schum.    Vermilliou,  7,  ls8i>  (Arthur). 
Arcykia  hunk  ea  Pers.     Vermillion,  7,  1S89  (Arthur);  Putnam,  10,  18f>3 
Badhamia  iTRicrLAKis  (Bull.)  Berk.    Putnam,  10,  1893. 
Ceratiomvxa  mix  IDA  (Pcrs.)  Schrot.     [CWatium  hifdnoidta  And  )     Vigo,  .>, 

1893. 
Co.MATKK  HA  LoN(iA  Pk.     Putnaiii,  7,  1893. 
DicTYDiiM  i.oNiiii'Es  Mofg.     VermilHou,  9,  1SS9  (Arthur). 

I>II»YMIIM   KAKINAC  ElM  Schrad.       PutUftlD,  ">,    1  SS»*J. 


31 

DiDYMiiM  MURO(  ARPiM  (Fr.)  Rost.    Putnam,  3,  18M^. 

Fui.Kio  sKFTK  A  (Link. )  (rmel.  VermillioD,  7,  l.Ss9  (Arthur);  Putnam,  7, 
181»3. 

llEMiARrYRiA  (LAV ATA  iPcrs.)  Kost.    Putuam,  10, 1S92. 

Hemiari  YRiA  PUMosA  Mofg.    VermilHon,  7,  1889  (Arthur). 

Uemiafkyria  RiBiKORMi.s  (Pers.)  Ko8t.  Vermillion,  7,  1889  (Arthur);  Put- 
nam, 10,  1892. 

Lami'roderma  vKn.AtEUM  ( Fr.)  RoBt.    Putnam,  10,  18i>3. 

LYitMiALA  EPiDEXDRiM  Buxb.    Putuam, 5,  18^K)  (Arthur);  10,  1891 ;  10,  1893. 

Ly((>(;ala  FLAV0-Krs(  I'M  (Ehrenb.)  Rost.    Putnam,  11,  1893. 

Stemonitis  FERRrciiNEA  Ehrh.  Vermillion,  7,  1889  (Arthur).  [Herb. 
Arthur.] 

8TEMOXITIS  Frs<  A  Roth.    Vermillion,  7,  is.s9  (Arthur). 

Stemonitis  xigres<  ens  Rex.    Putnam,  10,  1893. 

Trichia  s(  abra  Rost.    Tippecanoe,  2,  1892  (Arthur);  Putnam,  10, 1892. 

Trkhia  varia  Pers.    Putnam,  10,  1891 ;  10,  1892;  10,  1893. 

TnuLiNA  TYLiNDRK  A  (Rull. )  D  C.    VermilHon,  7,  1889  (Arthur). 

PHYCOMYCBTE8. 

Synch  iTRiArE.E. 
Synciiitriim  j)ecii'iens  Farl. 

On  Amphicarpa'a  monoica,  l*utnam,  9,  18«»:»;   Johnson,  i»,  18*K),  (Fisher). 
Synchitrium  KiuiENs  Schrot. 
On  (Enothera  biennis,  Brown,  5,  181KJ. 

Mrc-<)RA(E>:. 
MiiOR  stolon  I FER  Ehrhenb. 
On  bread,  Putnam,  1891. 

EnTOMOPIITHORAC  E-K. 

Empi'sa  Mrw  e  Cohn. 

On  flies,  Putnam,  19,  ISiKj. 

Peronosi-orace.k. 
ALKiciO  amaranthi  (.Schw.)  Kuntze.     {Cy^ojum  hiiti). 

On  Amarantus  sp.,  Putnam,  10,  1892;  Tippecanoe,  7,  1890  (Bolley). 

On  Amarantus  chlorostachys  hybridus,  Johnson,  7,  1890  (Fisher;. 

On  Amarantus  retroflexus,  Johnson,  7,  18f»0  (Fisher). 

On  Amarantus  spinosus?  Montgomery,  lsiK>  (Olive). 
Auji  <;<)  <ANi>ii»r«  (Pers.)  Kuntze.    (C)^Mopu9  ranffidus). 

On  Sisymbrium  officinale,  Brown,  r>,  1893;  Putnam,  7,  18H3. 
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On  Capsella  bursa* paatoris,  Putnam,  4,  1892;  Montgomery,  181»3  (Olive). 

On  Radish,  Putnam,  9,  1891 ;  Johnson,  8,  1890  (Fisher). 

On  Sisymbrium  caneaceus,  Putnam,  5,  189:^». 

( >n  Brassica  nigra,  Johnson,  7, 1800  ( Fisher);  Tippecanoe, 8, 1891  (Arthur). 

On  Brassica  alba,  Johnson,  7,  1890  (Fisher). 

On  Lepidium  Virginicum,  Montgomery,  1893  (Olive);  Putnam,  4,  1894. 

On  Dentaria  sp.,  Montgomery,  1893  (Olive). 
ALurGo  iPOMo.K-rANDURAN.K  (Schw.)  Swiogle. 

Oq  Ipomoea  hederacea,  Putnam,  9, 189;>. 

On  IpomoDa  pandurata,  Johnson,  9, 1890  (Fisher). 
ALiiL(io  iH)RTULA(;.K  (DC.)  Kuutze. 

On  Portulaca  oleracea,  Putnam,  f»,   1893;  Johnson,  8,   1890  (Fisher); 
Montgomery,  1893  (Olive) ;  Tippecanoe  7,  ISfK)  (Bolley). 

PLA83IOPARA  AISTRALIS  (Speg.)  Swiugle. 

On  SicyoB  angulatus,  Johnson,  9,  1890  (Fisher).    [Herb.    U.  S.] 
Plasmoi»ara  (JERANii  (Pk.)  Berl.  et  De  Toni. 

On  (reranium  Carolinianum,  Putnam,  5,  1892;  Vigo,  5,,  1893. 
pLASMorARA  Halstedii  (^Farl.)  Berl.  et  De  Toni. 

On  Bidens  connata,  Johnson,  9,  1890  (Fisher). 

On  Bidens  frondosa,  Johnson,  8,  1890  (Fisher). 

On  Helianthus  annuus,  Montgomery,  1893  (Olive). 
Pj.asmopara  ohduc'ens  Schrot. 

On  Impatiens  sp.,  Putnam,  4,  1892. 

On  Impatiens  pallida,  Tippecanoe,  5,  1893  (Arthur). 
Plasmoi'ara  vith  OLA  (B.  and  C.)  Berl.  et  De  Toni. 

On  Vitis  cordifolia,  Johnson,  7, 1890  (Fisher). 

On  Vitis  (sp.  cult.),  Johnson,  9, 1890  (Fisher);  Montgomery,  1893  (Olive). 
Putnam,  7,  1893;  Crawford,  9,  1889  (Arthur). 
Per()NOsii)Ra  alta  Fckl. 

On  Plantago  major,  Johnson,  7,  1890  (Fisher) ;  Putnam,  5,  1894. 
Pkr(>N(»sp<)Ra  cokydalis  De  Bary. 

On  Dicentra  Canadensis,  Putnam,  4,  1892;  4, 1893. 

On  Dicentra  cucuUaria,  Montgomery,  1893  (Olive). 
Pkronosi'ora  KFFi^A  (Grcv.)  Rabenh. 

On  Chenopodium  sp.,  Putnam,  9,  1891.  ^ 

On  Chenopodium  album,  Johnson,  9,  1890  (Fiaher). 
Pkhono.si'oka  fk  aki  1-.  Tul. 

On  Ranunculus  sp.,  Putnam,  4,  1893. 


On  Ranunculus  recurvatus,  Montgomery,  189.'»  (Olive). 
Pekox()8i*ora  RUMicis  Corda. 
On  Polygonum  dumetorum  scandens,  Johnson,  7,  1800  (Fisher).    [Herb. 
U.  S.] 

ASCOMYCETES. 

DlSCOMYCETES. 

CiiLOROsi'LENUM  AKRUtiixosL'M  (Uedcr.)  Dc  Not.    Putnam,  12,  1893. 

Helothm  ciTRiNr.M  (Hcdw.)  Fr.    Putnam,  10,  1892;  7,  189o ;  10,  189:5. 

Pkziza  co(C'inea  Jacq.    Putnam,  5,  1893. 

Peziza  occidextalis  Schw.     Vigo,  5, 1893;  Bown,  5,  1893. 

Peziza  scutellata  L.     Putnam,  5,  1893. 

P.sirx)PEziA  NUMMi  LARis  Berk.    Putnam,  10,  1893. 

rRxri.A  Crateru'm  (Schw.)  Fr.    Tippecanoe,  4, 1892 ;  Montgomery,  4, 1892 ; 
Putnam,  5,  1892;  5,  1893;  Vigo,  5,  1893. 

Riiytisma  a(  erixl'm  (Pere.)  Fr. 
On  Acer  saccharinum  (A.  dasycarpum)  Putnam,  10,  1891;  10, 1893;  Mar- 
shall, 10,  1893. 

ItiiYTisMA  AXDROMED.i:  (Pers.)  Fr. 
On  Andromeda  polifolia,  F.ulton,  10,  1893. 

Riiytisma  prixi  (Schw.)  Fr. 
On  Ilex  verticillata,  Marshall,  10, 1893;  Vigo,  10,  1893. 

<1yromitra  HRi  xxea  u.  sp.  A  stout,  fleshy,  stipitate  plant,  8-13  cm.  high, 
bearing  a  broad,  much  contorted,  brown  ascoma ;  stem  2-5  cm.  thick,  more 
or  less  enlarged  and  spongy-solid  at  the  base,  hollow  below,  rarely  slightly 
iiuted,  clear  white ;  receptacle  5-12  cm.  across  in  the  widest  direction,  the 
twadiameters  usually  considerably  unequal,  irregularly  lobed  and  plicate, 
in  places  faintly  marked  into  areas  by  indistinct  anastomosing  ridges, 
closely  cohering  with  the  stem  in  various  parts,  rich  chocolate  brown  or 
somewhat  lighter  if  much  covered  with  the  leaves  among  which  it  grows, 
whitish  underneath  ;  asci  8-si)ored ;  spores  oval,  28-30  mic.  long  by  about 
14  wide,  hyaline,  somewhat  roujrhened-tuberculate,  usually  nucleate,  the 
highly  refractive  nucleus  spherical  or  oval,  11  mic.  or  if  oval  14  by  11  mic. 
in  diameter ;  paraphyses  slender,  enlarged  at  the  apex,  faintly  septate. 
In  rich  woods,  mostly  in  beech  leaf  mould  ;  Putnam  county.  May  1892, 
1893  and  1894,  first  found  by  Dr.  W.  V.  Brown.  The  plant  is  esculent, 
tender  and  possesses  a  fine  flavor.  Often  as  many  as  8  or  10  plants 
would  be  found  in  one  small  area  but  the  plant  appears  to  be  local 
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and  never  very  abundant.    Some  single  plants  would  weigh  nearly  half 

a  pound. 
MoRCHELLA  KscTLEXTA  (L.)  Pers.    Putnam,  4,  18y2;  o,  1803. 
MoRCiiELLA  RiMosiPKs  D  C.    Putuam,  4,  181)2. 

MoRCiiELLA  jiYiiRiDA  (Sow.)  Pcrs.     {M,temiUhera  DC.)     Putnam,  4,  1892. 
MoRCHELLA  coNH'A  Pcrg.    Putuam,  5,  18»:>. 

Gymxoas<;e.e. 
ExoAscis  DEFORMANS  (Berk.)  Fckl. 

On  peach  leaves,  Putnam,  5,  1892;  Vigo,  \  1893;  Monroe,  5, 1893;  Mont- 
gomery, 1893  (Olive) ;  Tippecanoe  <»,  1890  (Bolley). 
ExoAst'i's  i»0TEXTiLL.E  Farl. 

On  Potentilla  Canadensis,  Vigo  5,  1S93 ;  Putnam,  5,  1893. 
ExoAscrs  PRi  Ni  (Tul.)  Fckl. 

On  Prunus  Americana,  Monroe,  o,  1893. 
ExoAJ^  rs  sp. 

On  Ostrya  Virginica,  Putnam,  .">,  1893;  Vigo,  5,  18*.)3. 

LiniENEs. 

« 

Aktjioxia  sPECTABiLis  Fl.    Putuam,  5,  1893, 

BiELLiA  i»ARAsiNA  (Ach.)  Th.  Fr.    Putnam,  5,  1893. 

Cladoxia  c.EspiTiciA  (Pers.)  Fl.    Putnam,  5,  1893. 

Cladoxia  FiMBRiATA  (L.)  Fr.    Putuam,  5,  1893, 

Cladoxia  fircata  (Hud.)  Fr.    Putnam,  5, 1893. 

Cladoxia mitrila  Tuck.    Putnam,  5,  1S93. 

Claim »NiA  pvxidata  (L.)  Fr.    Putnam,  4,  1893. 

Cladoxia  sympiiyiarpa  Fr.    Putnam,  4,  1893. 

Exi)<x?ARiH>x  MixiATUM  Fr.    Oweu,  5,  1893;  10,  1893. 

Orai'1118  stRiiTA  Fr.    Putnam,  10,  1891. 

Leianora  pallida  (Schreb.)  Schter.    Putnam,  5,  1893. 

Lkc  AXoRA  sDHKrsi'A  (L.)  Ach.    Putnam,  o,  1893. 

Lecaxora  tartarea  (L.)  Ach.    Putnam,  5,  1893. 

Lecidea  alww.kri'lemexs  (Wulf.)  8choen.    Putnam,  5,  1893. 

Nephroma  Helvetk  um  Ach.    Putnam,  o,  1893. 

Nephroma  l.evi(;atum  Ach.    Putnam,  5,  1893. 

Parmelia  <  aperata  (L.)  Ach.    Putnam  4,  1893. 

Parmelia  lOLPODEs  (Ach.)  Nyl.    Putiiam,  5,  1893. 

Parmelia  perforata  (Jacq.)  Ach.    Putnam,  5,  18tK». 

Parmelia  .saxatilin  (L.)  Fr.     Putnam,  4,  1893. 

Parmelia  tilia<  ea  ^Hoffm.)  Floerk.    Putnam,  ">,  1893. 
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Pei-tk;eka  tanina  (L. )  Hoffm.    Putnam,  5,  ISIK]. 
Fkrtusakia  commune  D  C.    Putnam,  5,  ISO:). 
Pektisai^ia  yki.ata  I  Turn.)  Nyl.    Putnam,  5,  18J».S. 
PiiYM  lA  STELLA Ki.N  (K)  Tuok.    Putuam,  10,  1801. 
Ramalina  calk'arjs  (L.)  Fr.    Putnam,  4,  1892. 
Stkta  ampli?<sima  I  Scop.)  Maes.     IMtnam,  o,  18t»3. 
Stkta  pi'lmonarlv  (L. )  Ach.    Putnam,  10,  1S91 ;  Owen,  10,  1S9:>. 
TiiEiA)KHisTE»<  ct)N(OLOK  ( Dicks. )  Tuck.    Putnaui  10,  1891. 
TsNEA  hakhata  iL.)  Fr.  Putnam,  o,  1S93;  Brown,  5,  lsi>:»;  Owen,  .">,  ISO:?; 
Marshall,  10,  W.v.l 

Pkkisihuiiace.k. 

EkYSII'HE  CnHORACEARlM    D  C. 

On  Actinomeris  squarrosa,  Johnson,  10,  ISIK)  (Fisher). 

On  Ambrosia  artemisi:i>folia,  Johnson,  s,  is^K)  (Fisher);  Marshall,  10, 
is<>3;  MontK'omery,  1893  lOlive). 

On  Ambrosia  trifida,  Johnson,  s,  is<K)  (Fisher);  Montgomery  (l^rannon, 
Olive);  Putnam,  10,  1S91. 

On  Aster  cordifoliuH,  Johnson,  10,  ISVH)  (Fisher). 

On  Aster  Novto-Anglia',  Johnson,  9, 18W  (Fisher). 

On  Aster  paniculatus,  Johnson,  lo,  1890  (Fisher);  Montgomery,  1893 
(Olive). 

On  Aster  puniceus,  Johnson,  11,  ISIK)  (Fisher). 

On  Aster  Tradescanti,  Johnson,  10,  isoo  (Fisher). 

On  Aster  ericoides,  Montgomery,  1S93  (Olive). 

On  Aster  azureus,  Montgomery,  is«.>3  i olive). 

On  Aster  (sp.),  Montgomery  (Hrannon). 

On  Cnicus  altissimus,  Montgomery,  10,  1S!K)  (Fisher). 

On  Kupatorium  perfoliatum,  Fulton,  10,  lstK>;  Johnson,  10,  181K)  (Fish- 
er); Montgomery-,  1893  (Olive). 

On  Eupatorium  purpureum,  Johnson,  s,  1S90  (Fisher), 

On  Helianthus  annuus,  Putnam,  11,  1892. 

On  Helianthus  decapetalus,  Montgomery.  10,  1890  (Fisher). 

On  Helianthus  parvitlorus,  Tippecanoe,  10,  1892  (Arthur). 

On  Helianthus  tu]>ero8U8,  Muntgomery,  10,  Isim)  (Fisher). 

On  Hydrophyllum  append iculatum,  Afontgomery,  10,  ls*K)  (Fishrr); 
1893  ((»live). 

On  Hydrophyllum  Virginicum,  Montgomery,  10,  l.St«3;  1K»3  (Olive). 


On  Hydrophyllam  macrophyllum,  PutDam,  7,  IsaJ;  Montgomery,  1H9'? 

(Olive). 
On  Parietaria  Canadensis,  Montgomery,  7,  1S90  (Fisher). 
On  Phlox  paniculata,  Montgomery  10,  181K)  (Fisher). 
On  Solidago  Canadensis,  Montgomery,  10,  1890  (Fisher):  1S9:{  (Olive); 

Johnson,  9,  1890  (Fisher). 
On  Solidago  serotina,  Johnsop,  10,  ISiK)  (Fisher). 
On  Solidago  latifolia,  Montgomery,  189:>  (Olive). 
On  Verbena  hastaU,  Marshall,  10,  189:i. 
On  Verbena  stricta,  Johnson,  7,  181K)  ( Fisher j;  Montgomery",  10,  1S93 

Tippecanoe,  9,  1S8S  (Bolley). 
On  Verbena  artica?folia,  Johnson,  11,  1890  (Fisher);  Putnam,  10.   1891 

Montgomery,  1893  (Olive). 
On  Vernonia  fasciculata,  Putnam,  10,  1891 ;  Montgomery  10,  189:>. 
On  Vernonia  Noveboracensis,  Johnson,  8,  1890  (Fisher). 
On  Xanthium  strumarium,  Johnson,  10, 18iK)  (Fisher);  Putnam,  9,  1H91; 

Montgomery  1893  (Olive). 
On  Zinnia  elegans,  Putnam,  10,  1891. 
On  Pilea  pumila,  Montgomery,  1893  (Olive). 
Erysii'iik  cx»iMrNis  (Wallr.)  Fr. 
On  AmphicarpR>a  monoica,  Johnson,  9,  181K)  (Fisher);  Putnam,  9,  1893; 

Vigo,  10,  189:i. 
On  Apios  tuberosa?  Johnson,  9,  1890  (Fisher). 
On  Aquilegia  Canadensis,  Owen,  10, 1893. 
On  Clematis  Virginiana,  Putnam,  10,   1891 ;  Johnson,  9,  1S9()  )Fisher); 

Montgomery,  9, 1889  (Brannon). 
On  Geranium  maculatum,  Johnson,  8,  1890  (Fisher). 
On  lieuchera  Americana,  Putnam,  10,  1891. 
On  Kanunculus  abortivus,  Johi\^n,  7,  ISW  (Fisher);  Putnam,  7,  1893 

10, 1891 ;  Montgomery,  1S93  (Olive). 
On  Lathyrus  palustris,  Marshall,  10,  18{)!t. 
On  Thalictrum  polygamum,  Johnson  10,  1890  (Fisher). 
On  Ranunculus  recurvatus,  Montgomery,  I8i>3  (Olive). 

EinsiIMfK  (JAI.KOl'MDls,  1)  C, 

On  Chelone  glabra,  Johnson,  10,  18i»0  (Fisher). 

On  Scutellaria  lateriHora,  Johnson,  10,  1S90  (Fisher):  Marshall,  10,  1893 

Putnam,  10,  1891:  Montgomery,  189:}  (Olive). 
On  Scutellaria  pilosa,  Johnson,  10,  1890  (Fisher). 
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On  Stachys  aspera,  JohnsoD,  10,  1S90  (Fisher);  Fulton,  10,  189:5. 
Ervsipue  (;raminis  D  C. 

On  Poa  pratensis,  Johnson,  11,  iSsn)  (Fisher);  Montgomery,  18015  (Olive). 

On  lawn  grass,  Putnam,  9,  18i»l ;  11,  18!)1. 
Erysipiie  uriodendri  Schw. 

On  Liriodendron  tulipifera,  Putnam,  10, 1891 ;  10,  189:5;  Montgomery,  10, 
18i>3;  Wabaah,  10,  1^91  (Miller). 

Ml<  ROSPH.ERA  AI-NI  (DC.)    Wlut. 

On  Betula  pumila,  Fulton,  10, 1893  (Fisher). 

On  Carpinus  Caroliniana,  Johnson,  9,  18V>0  (Fisher);  Montgomery  (Bran- 
non). 

On  Fagus  ferruginea,  Johnson,  9, 18VK)  (Fisher). 

On  Ilex  verticillata,  Marshall,  10,  1893. 

On  Hicoria  sulcata,  Johnson,  9, 18{K)  (Fisher);  Marshall,  10,  1893. 

On  Euonymus  atropurpureus,  Johnson,  10, 181K)  (Fisher). 

On  Juglans  nigra,  Johnson,  9,  181X)  (Fisher);  Putnam,  10,  1893. 

On  PlatanuB  occidentalis,  Johnson,  9,  1890  (Fisher);  Putnam,  10,  1891; 
Montgomery,  1893  (Olive). 

On  Syringa  vulgaris,  Johnson,  10,  1890  (Fisher);  Putnam,  7,  18t)3 ;  Tip- 
pecanoe, 10,  189'5  (Arthur);  Montgomery,  18«3  (Olive). 

On  Ostrya  Virginiana,  Johnson,  10, 18JK)  (Fisher). 

On  Tecoma  radicans,  Putnam,  10,  189:5. 

On  Viburnum  acerifolium,  Putnam,  10, 1891. 

On  Viburnum  dentatum,  Johnson,  10,  18^)1  (Fisher). 

On  Viburnum  prunifolium,  Johnson,  9,  18iK)  (Fisher). 

On  Viburnum  pubescens,  Putnam,  10,  1891. 
Mk'rosph.era  diffVsa  C.  and  P. 

On  Lespedeza  sp.,  Marshall,  10,  18i>:5. 
Microsph.kra  elevata  Burrill. 

On  Catalpa,  IMtnam,  10,  1891;  10,  1893;  Owen,  10,  l.s*)3;  Tippecanoe,  9, 
1890iBolley). 

Mk  ROSPH.KRA  ERIXEOI'JIII.A  Pk. 

On  Erineum  of  Fa^^us  ferruginea,  Marion,  8,  1890  (Tracy);  Putnam,  10, 
1801;  10,  1893. 
Mu  KOsrn.KRA  EiriiOHHi.K  (Pk.)  B.  and  G. 
On  Euphorbia  coroUata,  Steuben,  1S02  (Martin  Canse);  Tippecanoe,  9, 
18S8  (Bolley). 
Mi(RoerH.i-:RA  (;RossrLARLK  (Wallr.)  Lev. 
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On  Sambucus  Canadensis,  Johnson,  9,  1S(K)  (Fisher);  Montgomery,  10, 
189:;. 
MicRo«i»H.K.KA  <jri-Ri  iNA  (Schw.)  Buirill. 
On  Quercus  alba,  Putnam,  10,  1891. 

On  Quercus  bicolor,  Johnson,  9,  18iH)  (Fisher);  Vigo,  10,  WXi. 
On  Quercus  lyrata,  Johnson,  9,  1890  (Fisher). 
On  Quercus  macrocarpa,  Johnson,  9,  1890  (Fisher). 
On  C^aercus  Muhlenbergii,  Johnson,  9,  1890  (Fisher);  Putnam,  10,  189:^. 
On  Quercus  rubra,  Johnson,  9,  18VK)  (Fisher);  Marshall,  10,  1893;  Put- 
nam, 10,  1S93;  Vigo,  10,  im:\. 
On  Quercus  sp.,  Montgomery  (Hrannon). 
MiCRosrJi-KUA  Ravkxelii  l^rk. 
On  Gleditschia  triacanthos,  Johnson,  s,  IstiO  (Fisher);  Vigo,  10,  1893; 
Montgwnery  (Brannon);  Putnam,  10,  1893;  Owen,  10,  1893. 
MiCKosiMi.KKA  RiKSELLii  CHnton. 
On  Oxalis  stricta,  Johnson,  7,  1890  (Fisher);  Putnam,  10.  1891 ;  Mont- 
gomery, 10,  1893;  1893  (Olive). 

MiCROSPH.KRA  8KMITOMTA   B.  and  C. 

On  Cephalanthns  occidentalis,  Johnson,  9,  1890  (Fisher);  Vigo,  10,  1893. 
Mk'R08pii.kra  symphoricarim  Howe. 

On  Symphoricarpus  vulgaris,  Putnam,  10,  1891 ;  11,  1892;  10,  1S93. 
MitRospH.KRA  vACciNti  (Schw.)  C.  and  P. 

On  Vaccinium  9P-)  Marshall,  10, 1893. 

PlIYLLACTIXIA  SI  FFILTA  (Reb.^  SaCC. 

On  Carpinus  Oaroliniana,  Putnam,   10,    1891;    Montgomery,    10,    18iX) 

(Fisher). 
On  Celastrus  scandens,  Montgomery,  10,  l8iK)  (Fisher). 
On  Cornus  llorida,  Putnam,  10,  1891 ;  10,  1892. 
On  Corylus  Americana,  Montgomery,  10,  1890  (Fisher):  Marshall,  10, 

1893. 
On  FraxinuB  Americana,  Johnson,  9,   ISiK)  (Fisher):  Montgomery,   10, 

1893 ;  189.".  (<  )livej;  Putnam,  10,  1X93. 
On  Fraxinus  pubescens,  Johnson,  i»,  1890  (Fisher). 
On  Fraxinus  qiiadrangulata,  Johnnon,  10,  18{K)  (Fisher). 
On  Fraxinus  sambucifolia,  Johnson,  10,  ISiK)  (Fisher). 
On  Liriodendron  tulipifera,  Johnson,  9,    1890  (Fisher);   Montgomery, 

18t»3  (Olive). 
On  Ostrya  Virginica,  Montgomery,  10,  1890  (Fisher):  Putnam,  10,  1891; 

10,  1S!>3. 
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On  Quercus  coccinea,  Johnson,  9,  181K)  (Fisher);  Montgomery,  10,  181K) 

(Fisher). 
On  Quercns  palustris,  Shelby,  11,  1890  (Fisher);  Vigo,  10,  1S9:*». 
On  Quercus  rubra,  Vigo,  10,  18iK>. 
On  Catalpa  bignoniodes,  Montgomery,  18^)3  (Olive). 
On  Xanthoxylum  Americana,  Montgomery,  180:{  (Olive). 

PODOSI'H.KRA  BIUXCINATA  C.  &  P. 

On  Hamamelis  Virginiana,  Putnam,  D,  1803;  10,  1893. 
PooasrHKRA  oxYACANTii.K  (D  C.)  DoBary. 
On  Crataegus  crus-galli,  Johnson,  7,  ISOO  (Fisher). 
On  CraUi'gus  spathulata,  Johnson,  7,  1890  (Fisher). 
On  Crataegus  tomentosa,  Johnson,  7, 1890  (Fisher). 
On  Cydonia  vulgaris,  Johnson,  8, 18»K)  (Fisher). 
On  Prunus  Americana,  Johnson,  10,  18S)0  (Fisher). 
On  Prunus  cerasus,  Johnson,  7,  18<)0  (Fisher);  Putnam,  10,  1891;  7, 1893; 

Tippecanoe,  8,  1890  (Bolley). 
On  Spirt'oa  tomentosa,  Marshall,  10, 1893. 
On  Crataegus  sp.,  Owen,  10,  1893. 

SpjI.F.ROTHECA  CA.ST.\(iNEI  LcV. 

On  Bidens  chrysanthemoides,  Johnson,  9,  1890  (Fisher);  Montgomery, 

1893  (Olive). 
On  Bidens  connata,  Johnson,  8, 1890  (Fisher);  Montgomery,  10,  1893. 
On  Bidens  frondosa,  Johnson,  7,  18$H)  (Fisher);  Putnam,  10, 1891 ;  7,  1893; 

Montgomery,  10,  1893. 
On  Brunella  vulgaris,  Johnson,  9,  1890  (Fisher);  Marshall,  10,  1893. 
On  Coreopsis  trichosperma,  Johnson,  9,  1890  (Fisher). 
On  Erechtitee  hieracifolia,  Johnson,  8,  ls$K)  (Fisher);  Marshall,  10.  1893; 

Montgomery,  1893  (01i>fe). 
On  Krigerou  Canadense,  Johnson,  10,  1890  (Fisher). 
On  Erigeron  (Sp.),  Montgomery  (Brannon). 
On  Pedicularis  lanceolata,  Johnson,  8,  W,H):  11,  1890  (Fisher). 
On  Taraxacum  otticinale,  Montgomery  (Brannon,  Olive);  Putnam,  10, 

1S91 ;  Tippecane,  <>,  1890  (Bolley). 
Sni.KROTiiw  A  HiMLi.!  (I)  0.)  BurHll. 
On  Agrimonia  Eupatoria,  Montgomery,  10,  18<K)  (Fisher):  Putnam,  11, 

1891;  10,  189.'.;  Marshall,  10,  \m\. 
On  Potentilla  palustris,  Marshall,  10,  1893. 
SrH.KRoTitErA  MORs-rv.K  (Schw.)  B.  iV:  C. 
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On  Ribes  cynoebati,  Montgomery,  <>,  18!>:5  (Hughart). 

SiMI.KROTIIECA  PANX08A  (Wallr.) 

On  Geum  album,  Johnson,  8,  18?H)  (Fisher). 
On  Rosa  lucida,  Johnson,  8,  IS^K)  (Fisher). 
On  Rosa  (sp.  cult.)  Putnam,  0,  18i>3. 

Si'lLKROTHECA  PIIYTOITOI'JIILA    Kcll.  c^  Swiugle. 

On  Phytoptus  fascicles  of  Celtis  occidental  is,  Putnam,  5,  1800  (Arthur); 
10,1891;  11,  1803;  Montgomery,  1803  (Olive);  Tippecanoe,  12,1893 
(Arthur). 

rxCIXlLA  CIRCINATA  C.  iV:  P. 

On  Acer  dasycarpum,  Montgomery  (Brannon);  Marshall,  10, 1893. 
On  Acer  rubrum,  Johnson,  181K)  (Fisher). 

On  Acer  Baccharum,  Johnson,  0,    18iK)    (Fisher);    Putnam,  10,   1803: 
Montgomery,  1803  (Olive). 
Uxtixi'LA  Clinton  J I  Pk. 
On  Tilia  Americana,  Montgomery,  10,  1800  (Fisher);  Ihitnam,  10, 1893. 

rNCINlLA  FLEXrOSA  Pk. 

On  .T^cul us  glabra,  Johnson,  7,  181H)  (Fisher);  Montgomery  (Brannon, 

Olive). 
On  .Esculus  Hippocastan urn,  Putnam,  10,  1803. 
Unci  Nr LA  geniculta  Gerard. 
C)n  MoruB rubra,  Johnson,  0, 18iM)  (Fisher);  Montgomery,  10, 1800  (Fisher); 

10, 18J)3. 

UncINULA  MA(Ka"<l'ORA  Pk. 

On  Ulmus  Americana,   Putnam,   10,   1891;  10,   1892;  Owen,   10,  189:J ; 

Montgomery,  1893  (Olive):  Wabash,  10,  1891  (Miller). 
On  Ulmus  fulva,  Johnson,  8,  18iH)  (Fisher);  Montgomery,  1803  (Olive). 

Un*  INILA  NECATOR  (»Schw.)  Bunill.  * 

On  Ampelopsis  quinquefolia,  Johnson,  9,  18^K)  (Fisher);  Montgomery 

(Brannon,  olive);  Putnam,  10,  1801. 
On  Vitis  cordifolia,  Johnson,  0,  1890  (Fisher). 
On  Vitis  (cult,  sp.)  Johnson,  0,  1890  (Fisher);  Montgomery  (Brannon, 

Olive);  Putnam,  10,  1801 ;  10,  1803. 

UX(  INULA  l»AR\  ULA  C.  fk  P. 

On  Celtis  occidentalis,  Johnson,  0,  181H)  (Fisher);  Marion,  1890  (Tracy); 
Putnam,  10,  180:;. 

rNC'INlLA  SALKIS  (D  C. )  Wiut. 

On  Salix  nigra,  Johnson,  8,  1800  (Fisher). 
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On  Salix  sericea,  Montgomery,  10,  181H)  (Fiaher). 

On  Salix  cordata,  Montgomery,  181)3  (Olive). 

(.)n  Salix  sp.  Montgomery  (Brannon);  Putnam,  0, 1S»»1 ;  Marshall,  10,  ISIK). 

On  Populus  tremuloides,  Marshall,  10,  18J):>. 

HYr<X'KEACK.K. 

Clavueps  i»L'Ri'rHEA  ( Fr. )  Tul. 

Sclerotia  on  Kye.  Putnam,  7,  ISii;];  Tippecanoe  (Arthur). 

Sclerotia  on  Elymus  Virginicus,  Montgomery,  10, 18i»8. 
CoRDYCKi's  opiiioGt.osoiDEs  (Ehrh.)  Sacc,  Putnam,  11,  181)1. 
Ei'K  iiLoE  TYi'HiNA  (Pers.)  Tul. 

On  Festuca  nutans,  Tippecanoe,  7,  181)0  (Arthur). 

On  grass  (sp.  ig.),  Vigo,  5,  189:5;  Putnam,  (>,  18VM. 
Hyi'ocrea  citkina  (Pers.)  Fr.,  Putmun,  11,  ISDl ;  10,  181)3; 
IIypocrea  gelatixosa  (Tode.)  Fr.,  Putnam,  10,  181)1. 
Hyi'cx'rea  rufa  (Pers.)  Fr.   (Trichoderma  viride.) 

Conidial  stage,  Putnam,  1 1,  181  )3. 

Spii.kriack.k. 
DAi.niNtA  coxcENTRK  A  (Bolt.)  C^B.  and  DeNot. 

On  Acer  sp.,  Putnam,  10,  ISDl. 
Diatryi'e  Ai.HopRrrxosA  (Schw.)  Cooke.    Vigo,  10,  1893. 
Diatrype  virk.«h  exs  (Schw.)  E.  and  E.    Putnam,  1),  1893. 
DirH.KXA  fa(;inea  (Pers.)  Fr. 

On  Fagus  ferruginea,  Tippecanoe,  4,  1892  (Arthur);  Putnam,  4,  1893. 
EiTYPA  8PIX08A  (Pers. )  Tul.    Putnam,  11,  1892;  10,  1893. 
Gxomonia  iLMEA  (Schw.)  Thum. 

On  Ulmus  fulva,  Montgomery,  10,  1890  (Fisher);  Johnson,  9, 1890  (Fish- 
er).   [Herb.     U.  S.] 
Hypoxylox  AXxiLATi'M  (Schw.)  Mout.    Putnam,  4,  1893. 
Hypoxylox  ATROPrxtTATiM  (Schw.)  Cooke.    Putnam,  4,  1893. 
Hyi»i)xyl()X  t'oc  ( ixKiM  Bull.    Putnam,  12,  1891 ;  10,  1891. 
Hyi*oxyl()x<:oii.krex.s  (Pers.)  Fr. 

On  Fagus  ferruginea,  Putnam,  10,  1891. 
Hyi'Oxyi.ox  mar(.ixatum  (8ch^v.)  Berk.,  Putnam,  5,  1893. 
Hypoxylox  perforatim  (Schw.)  Sacc.,  Putnam,  10,  1891;  2,  1893. 
Hypoxylox  RUHi<;fxosiM  iPers.)  Fr.,  Putnam,  10,  1891;  5,  1893. 
L.KSTADiA  Bidwellii  (Ell.)  Viala  et  Rav. 

On  Vitis  cordifolia,  Johnson,  s,  ISDO  (Fisher);  Putnam,  10,  1S91. 

Oil  Vitifl  (cult. ),  Putnam,  7,  1893. 
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On  Ampelopsie  quinquefolia,  Owen^  10,  IHU'X 
Melanomma  sporadictm  E.  &  E.,  Putnam,  4,  lS\iZ, 
NrMMt'LARiA  BiLr.iARDi  TuL,  Putnam,  10,  lvS91. 
Otthia  morbosa  (8chw.)  E.  iJfe  E. 

.  On  Prunus  sp.,  Floyd,  6, 181K)  (Arthur);  Patnam,  4,  1804. 
RosEixiNiA  At^riLA  (Ff.)  DeNot,  Putnam,  10,  1S91. 
ScoRiAs  s  PONG  I  as  A  (Schw.)  Fr. 

On  honey-dew  dropi)ed  by  Aphid^e  on  and  under  beech  twigs.  Putnam, 
10,  1801;  4,  1803;  Owen,  5, 1803. 
Si'ir.KRELLA  FRAOARi.K  Tul.  (RatfiularUi  fragariii). 

Couidia  on  Fragaria  vesca,  Putnam,  5,  1892. 

Conidia  on  Fragaria  elatior,  Johnson,  s,  ISVK)  (Fisher). 

Sl'II.KRELLA  FKAXIXICOLA  (Schw.)  Cooke. 

<  >n  Fraxinus  Americana,  Johnson,  o,  \S\K)  (Fisher).    [Herb.    U.  S.] 

Si'H.KRIA  IRIDIS^chw. 

On  Iris  versicolor,  Montgomery,  ISOIJ  (Olive).    [Herb.  Wabash  Coll.] 
Trviilidu'm  MINOR  Cooke. 
On  Salix  sp.,  Putnam,  5, 1802. 

UsTll.INA  Vl'UiARIS  Tul. 

On  Quercns  sp.,  Montgomery,  4,  1802;  Putnam,  10, 1801 ;  5,  l.so;5. 
Valsakia  exasperans  (Uer.)  E.  and  E.    Putnam,  12,  1891. 
Vai-saria  (iiADUATA  (Schw.)  Sacc.    (Dtatnipe  obem  B.  and  C.) 

On  Fagus  ferrnginea,  Putnam,  10,  1891. 

Xylaria  i»OLYMORi'iiA  (Pers.)  (irev.    Putnam,  11,  1891:  Tippecanoe,  1892 
(Arthur). 

Xylaria  c'ornikormi.s  Fr.    Putnam,  10,  1S91 ;  10,  1S92;  10,  1893. 

Xyi.aria  itYi'<>XYU)N  ( L. )  Grcv.    Putnam,  11,  1S9:>. 

Dotiiideack.k. 
Pjiylu>chora  i.ksi'kdez.k  (8chw.)  Cooke. 
On  Lespede/a  sp.,  Marshall,  10,  ls9;:{. 

DOTIIIDIELLA  TLM!  (DUV.)  Wint. 

( )n  rimus  Americana,  Montgomery,  1S9:>  (OliveK    [Herb.  Wabash  Coll.] 
PiiYLLA(ri()KA  (jRA.MiNi.s  (Pers.)  Fckl. 
On  Panicum  latifolium,  Tippecanoe,  9,  1888  (Bolley) ;  Putnam,  10,  1892. 
On  Muhlenbergia  sp.,  Putnam,  10,  1892. 
On  Asprella  hystrix,  Montgomery,  10,  18o:>. 
On  Muhlenbergia  Mexicana,  Johnson,  11,  1890  (Fisher). 
On  ElymuB  Canadensis,  Montgomery,  11.  18iH)  (Fisher). 
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On  Elymus  sp.,  Putnam,  10,  lS9i'. 

PlIYLLAt  MORA  TRIKQLII  (PerS.)  Fckl. 

On  Trifolium  pratense,  Johnson,  11,  ISiH)  (Fisher).    [Herb.  U.  S.] 

FUNQI  IMFBRFBCTI. 
SpH.KRorsiDE.r.. 
AtTixoNEMA  Kos-v:  Fr.  [Asteroma  rosu  Lib,). 

On  Rosa  sp.  in  greenhouse,  Tippecanoe,  1 ,  l-SKT  (Barnes);  10, 1892  (Arthur). 
Cik<ixxobolu8Cksatii  DeBary. 
On  Mycelium  of  Erysipbei  on  Helianthus  sp.,  Tippecanoe,  1888  (BoUey). 
On  Mycelium  of  Erysiphei  on  Taraxacum  officinale  and  Solidago  Cana- 

densiB,  Johnson,  7,  WH)  (Fisher). 
On  Mycelium  of  Erysiphei  on  Solidago  arguta,  8.  lati  folia,  Aster  Shortii, 
Kudbeckia  triloba,  Hydrophyllum  Virginicum,  Montgomery,  10,  ISIH) 
(Fisher). 
On  Sphff^rotheca  Castagnei  on  Taraxacum,  Montgomery',  1893  (Oliye). 
On  Phyllactinia  suffulta  on  Liriodendron,  Montgomery,  189:t  (Olive). 
On  Erysiphe  sp.  on  Erigeroii,  Montgomery,  1893  (Olive). 
Darmca  filum  (Riv.)  Cast. 
On  Uredo  on  Carex  sp.,  Johnson,  7, 18iK)  (Fisher).    [Herb.  V,  S.] 

Lki»TOSTROMA  HYI'OI'HYLLIM  B.  <&  RSV. 

On  Gleditschia  triacanthos,  Marion,  8,  1890  (Arthur);  Tippecanoe,  9. 
1892  (Arthur);  Putnam,  9,  1893. 
Mela.smia  ?  Galii  E.  «&  E. 

On  Galium  trifidum  latifolinm,  Johnson,  9,  1890  (Fisher).     [Herb.  U.  8.] 
Piilkosspora  ackris  (Lib.)  Sacc. 

On  Acer  rubrum,  Johnson,  7,  1890  (Fisher).    [Herb.  U.  S.] 
Phleospora  iLMi  (Fr.)  Wallr. 

On  rimus  fulva,  Johnson,  8,  18JK)  (Fisher).    [Herb.  U.  8.] 

PlIYLLOKTKTA  ASIMIX.K  E.  &  K. 

On  Asimina  triloba,  Johnson,  8,  1890  (Fisher);  Putnam,  7,  1893. 
Pjiyllostkta  c  eltidis  E.  <fe  K. 
On  Celtis  occidentalis,  Montgomery,  10,  18JK)  (Fisher).    [Herb.  V.  8.] 

PriVLLOSTK  TA  CoMMONSII  E.  <&  E. 

On  Pioonia  (cult.),  Montgomery,  1893  (Olive).    [Herb.  Wabash  Coll.] 
Phyi.lostkta  criknta  Kickx. 

On  Smilacina  racemosa,  Montgomery,  189;'.  (Olive). 
PiiYr.osTicTA  i»Avi.K  Dcsm.  (P.  spha'ropsoidea  E.  &  E.) 
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On  Aesculus  glabra,  Montgomery,  7, 18iX)  (Fisher);  1S93  (Olive);  John- 
son, 8, 1S<>0  (Fisher);  Brown.  5, 1803. 
PiiYi-LosTicTA  <ii:EK(  rs  Sacc  I't  Speg. 

OnQuercus  macrocarpa  Montgomery,  1S1K5  (Olive).     [Herb.  Wabash 
Coll] 

rHYIXOSTICTA  SANiJiriXARIK  Wint. 

On  Sangainaria  Canadensis,  Brown,  *>,  I8!K>,  immature. 

PhYI.LOSTH-IA  8AS^^AFRAS  Cooke. 

On  Sassafras,  Montgomery,  7,  ISlM)  (Fisher).    [Herb.  U.  S.] 

SeITORIA  ASrLEPIADUOI.A  K.  i^  E. 

On  Asclepias  incamata,  Johnson,  10,'  ISIK)  (Fisher).    [Herb.  U.  J^.] 
Sei»toria  <'acali.k  E.  »&  K. 

On  Cacalia  atriplicifolia,  Owen,  10,  1893;  Montgomery,  1893  (Olive). 
Se  I  TORI  A  rAXXAHiNA  West.  ? 

On  Cannabis  sativa,  Montgomery,  7,  IsiH)  (Fisher).    [Herb.  T.  S.] 
Skitoria  coN«ru  lA  E.  tk  M. 

On  Steironema  eiliatum,  Johnson,  7,  ISIH);  10,  18tK)  (Fisher).    [Herb. 
U.  S.] 
Seitoria  <rat.e<u  Kickx. 

On  Cratiogus  sp.,  Owen,  10,  1893. 
Septoria  dextarke  Pk. 

On  Dentaria  laciniata,  Montgomery,  1893  (Olive). 
Seitoria  KLAdELLARis  E.  and  E. 

On  Convolvalus  sepium,  Monroe,  5,  1893. 
Seitoria  heliaxtui  E.  and  K. 

On  Heliopsis  la'vis,  Montgomery,  7,  18tK)  (Fisher). 

On  Helianthus  annuus,  Montgomery,  1893  (Olive). 
Seit(»ria  LAtTi'c.K  Pass. 

On  I^Actuca  sativa,  Johnson,  s,  l8tK)  (Fisher).    [Herb.    U.  8.] 
Seitoria  lapparim  Sacc. 

On  Arctium  lappa,  Montgomery,  1893  (Olive). 
Seitoria  leucostoma  E.  and  E. 

.     On  Fraxinus  Americana,  Johnson,  8, 1890  (Fisher).    [Herb.     U.  S.] 
Seitoria  mk  rom'ORA  E.  and  E. 

On  Asprella  hystrix,  Mongomery,  7,  18!K)  (Fisher).    [Herb.    V.  S.] 
Seitoria  iknotiier.k  B.  and  C. 

I 

On  (Enothera  biennis,  Vigo,  o,  1S9:>. 
Seitoria  podoimiyi.i.ina  Pk. 
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On  Podophyllum  peltatum,  Monroe,  5,  ISIK];  Putnam,  5,  1893  (Melia 
Ellis);  Montgomery,  1S93  ^Olive). 
SErroKiA  POLYGONOKIM  Desm. 

On  Polyjfonum  sp.,  Putnam,  9,  189:{;  10,  ls9;?. 
Seitoria  psilostkcja  E.  c't  M. 

On  Galium  circa^zans,  Johnson,  7,  1S90  (Fisher).    LHerb.  V,  S.] 
Skptoria  RUHiWestd. 

On  Rubus  (blackberry),  Vi^o,  5,  1893. 

On  Rubus  villosuB,  Montgomery,  ls93  ((.)live). 

*SePTORIA  SISYMBRII  Ell. 

On  Dentaria  laciniata,  Vigo,  .">,  1893. 
Seitoria  triliji  Pk. 

( )n  Trillium  graiidiflorum,  Montgomery,  1893  (Olive). 

On  Trillium  sessile,  Montgomery,  1893  (Olive). 

On  Trillium  recurvatum,  Montgomery,  1893  (Olive). 
•Seitoria  viol.k  Westd.. 

( )a  Viola  palmata  cacullata,  1893  (Olive). 
Seitoria  sp. 

On  Cicuta  maculata,  Johnson,  11,  1890  (Fisher).    ["Not  S.  Sii.'^    Herb. 
U.  S  ] 
iSi»H.ERo<iRAPiiiuM  KRA.xiKi  Pk.    Putuam,  4,  1892. 
Stagnosi'ora  <'ollai»sa  (C.  i^  E.)    Sacc. 

On  Acer  dasycarpum,  Putnam,  3,  1893. 
Vkr.mh  iLARiA  iiERHARiM    Westd.     (  T'.  dianihi  Westd.) 

« 

On  carnations  in  greenhouse,  Tippecanoe,  3, 1889  (Arthur). 

HyPHOMYI  ETE.S. 

CERAToriioRiM  iNciNATUM  (CI.  and  Pk.)  Sacc. 

On  <iuercu8  macrocarpa,  Johnson,  9,  18iK)  (Fisher).    [Herb.    V,  S.] 

CeR(  OSPORA  AMrELOrSlDFS  Pk. 

On  Ampelopsis  quinquefolia,  Johnson,  7,  1890  (Fisher).     [Herb.    U.  S.] 
Cercosi'ora  ATI  I  Fres. 
On  Pastinaca  sativa,  Putnam,  9,  1893. 

CeRCOSI'ORA  rERCIDK'OI.A  Ell. 

On  Cercis  Canadensis,  Johnson,  8,  1890  (Fisher).    [Herb.     V.  S.] 
CeRCOSI'ORA  cnioNEA  E.  aud  E. 

On  Cercis  Canadensis,  Montgomery,  1893  (Olive). 
Cercosi'oka  diaxthera  E.  and  K. 

On  Dianthera  Americana,  Montgomery,  1893  (Olive). 
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CeK«O.SI'oRA  DIHIA  (Ku98.)  Willt. 

On  Chenopodium  album,  Johnson,  8,  ISiK)  (Fisher).    [Herb.     l'.  S.] 
Ckko)sih)ka  KCiiiNot'YsTis  K.  and  M. 

On  Echinocyatis  lobata,  Montjromery,  \s\):i  (Olive). 
,     Cercosi'ora  EFFisA  (K.  and  C.)  K.  and  K. 

On  Lobelia  syphilitica,  Putnam,  10,  1S?>2;  0,  isi»:j. 
Cerc<)sih:>ra  Ei.oxtiATA  rk. 

on  Dipsacus  sylvestris,  Montgomery,  is*»:*,  (olive). 

CEKrOSI'ORA   KII'ATORII  Pk. 

On  Eupatorium  perfoliatum,  Montgomery,  IsiKt  (Olive). 

CkW  OSI-OKA   FLAG  ELLA  RIS  E.  &  M. 

On  Phytolacca  decandra,  Montgomery,  18i>:;  (Olive). 
Cekiosihira  GRANiLitYmMis  Ell.  A:*  Hol. 

On  Viola  palmata  cucullata,  Montgomery  7,  1S9();  10,   18tK)  (Fisher). 
[Herb.  V.  S.l 
CKKrospoRA  iiYDRorii'BRis  (Thum.)  Speg. 

On  Polygonum  hydropiper,  Johnson,  s,  iSiK)  (Fisher).    [Herb.  V.  S.] 
Cercospora  liimm.k  E.  iV:  K. 

On  Lippia  lanceolata,  Montgomery,  is\):i  (Olive). 

CERa>SPORA  (HIT  LATA  E.  *fe  K. 

On  Vernonia  Noveboracenais,  Johnson,  8,  ISIK)  (Fisher).    [Herb.  U.  S.] 

CEHrOspOKA  PENSTEMONIS  E.  *\:  K. 

On  Penstemon  hevigatus  digitalis,  Montgomery,  189o  (Olive). 

CERCOSrORE  I'REXANTIILS,  E.  tfc  K. 

On  Prenanthes  alba,  Montgomery,  1S98  (Olive). 
('ercosi»i>ka  itelk.e  Wint. 

< )n  Ptelea trifoliata,  Johnson,  11,  1n!)0  ( Fisher);  Montgomery, ISO.")  ( Olive )f 
[Herb.  U.  S.  and  Wabash  Coll.] 
Cek(Osi\>ka  Kin  ina  C.  iV:  E. 

On  Rhus  glabra,  Montgomery,  7,  1s«h)  (Fisher).    [Herb.  V.  S.] 

CEIl<'0»<rOHA  ROM  I  OLA  PrSS. 

Oil  Rosa  setigera,  Johnson,  S,  l.s»»o  i  Fisher).    [Herb.  V.  S.] 

CeK<(KP()RA  NAIRIRI  C.  tV:  E. 

On  Sauriirus,  Johnson,  s,  ISIK)  (Fisher).    [Herb.  l\  S.] 

CeU(  OSI'OKA  sKlMUDKs  K.  cV:    F. 

On  Penthorum  sedoides,  Johnson,  s,  isvm);   10,  IsiHl  (Fisher).     [Herb 

r.  s.] 

CKI{rOSI'Oi:.\  MMl  L\IA   K.  cV:  K. 
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On  Caesia  Marilandica,  Johnson,  s,  ls9i)  i^ Fisher).    [Herb.  l'.  S.] 

« 

Ckwosi'Oka  xaxtiioxyli  Cke. 
On  Xanthoxylum  Americanum,  Montgomery,  is^l)  (Olive). 

CeKC  O8P0RELLA  <'AXA  SaCC. 

On  Krigeron  annuus,  Johnson,  7,  1S*h);  ID,  1s<m)  (Fiaher).    [Herb.  V.  S.] 

CKWOsroRELLA  <LAVATA     (Gef.)  I*k. 

On  Asclepiafl incarnata,  Johnson,  s,  iSiHl  (Fisher).    [Herb.  T.  S.] 

CEKtOSP<:)REI.LA  K\(  E.MOSA  E.  c^  M. 

On  Teucrium  Canadense,  Johnson,  7,  1S9<)  i  Fisher).    [Herb.  V.  S.] 

CeRCOSI'O BELLA  TEITKII  E.  tS:  K. 

On  Teucrium  Canadense,  Johnson,  11,  ISOO  (Fishery.    [Herb.  U,  S.] 

DlDYMARIA   I'NGERI    Cda. 

On  Ranunculus  Beptentrionalln,  Johnson,  10, 18^H)  (Fisher).  [Herb.  W  s.] 
FrsARiiM  MixiATiM  (B.  iV:  C. )     Sacc. 

<  >n  trunk  of  <  )atrya  injured  by  woodpeckers,  Putnam,  5,  18! »2. 

On  old  wood,  Putnam,  .">,  1S9:». 
FisARii  M  RiMosiM  (Pk.)  Sacc. 

On  cut  ends  of  com  stalks.    Putnam,  10,  1SM3. 
FrsKXADiuM  DEXDRiTHL'M  iWallr.)  Fckl. 

On  Pirus  mains,  Johnson,  7,  ISIK)  (Fisher).    [Herb.  T.  S.] 
Heterdsporum  (iRAtiLE  (Wallr.)  Sacc. 

On  Iris  versicolor,  Montj^'omery,  18!K{  lOlive).    [Herb.  Wabash  Coll.] 
MoxiLiA  ArREo-Fi'LVA  (Link)  Gmel. 

On  decaying  wood,  Putnam,  10,  l.s«):>. 
OiDiuM  LA<TLs  Free. 

On  surface  of  milk,  Tippecanoe,  3,  isin  (Arthur;.    [Herb.  Arthur.] 
Oosi»oRA  Si  ABIES  Thax. 

On  potatoes  producing  deep  scab,  Tippecanoe,  2,  1S92  (Arthur). 

On  sugar  l)eet  producing  scab,  Tippecanoe,  :>,  isiil  ^  Arthur). 
Poi.YTiiRixnrM  TRiFOLii  Kze. 

On  Trifolium  repens,  Putnam,  0,  18!^"i;  Johnson,  11,  ISfK)  (Fisher). 
Rami'laria  armorack.k  Fckl. 

On  Nasturtium  armoracia,  Montgomery,  18!k;  ( olive  i. 
Rami'laria  i»laxta<;ixl»<  E.  iV:  M. 

On  Plantago  major,  Johnson,  s,  is«»0;  10,  18«K)  (Fisher).  [Herb.  U.  S.] 
Ramilaria  RiFo-M  act  lata  Pk. 

On  Polygonum  acre,  Johnson,  1S*k)  i Fisher).    [HerlJ.  U.  S.] 
RinxoTRi*  HI  M  CuRTisii  Berk.,  Putnam,  10,  IMM. 
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iScOLhX'OTRKHrM  GRAMINIS  Fckl. 

On  Phlenm  pratense,  Johnson,  11,  Ikho  (Fisher). 
On  Poa  nemoralis,  Johnson,  11,  1S<»()  (Fisher). 
On  Poa  pratensis,  Johnson,  11,  18{)0  (Fisher).    [Herb.  V.  8.] 
Stkeptothrix  atra  B.  &  C,  Tippecanoe,  10, 1S88  (Bolley);  Putnam,  11, 181)1. 

Mei.ancoxie.i:. 
Cylindrosi'orh.m  iridis  F'.ll.  and  Hals. 
On  Iris  versicolor,  Montgomery,  181  »3  (Olive). 

OUKOSPORIIM  AI'OCYNI  Pk. 

On  Apocynum  cannabinum,  Johnson,  8,  1S1»0  (Fisher).     [Herb.    l^.  8.] 
Gi.<K08i»()Rii M  LixDEMiTniAxr.M  Sacc.  and  Magn. 
On  cultivated  beans,  Tippecanoe,  5,  18!»0  (Arthur):  Putnam,  \K  181)3. 

GHEOSPOKUM  8EITORIOIDES  SaCC. 

,   On  Quercus  sp..  Montgomery,  7,  18fK)  (Fisher).    [Herb.    l^.  S.] 
M  ARSON  I A  Martini  Sacc.  and  Ell. 

On  (Quercus  alba,  Montgomery,  10,  ISlK)  (Fisher). 

On  Quercus  rubra,  Montgomery,  10,  1890  (Fisher). 

On  Quercus  Muhlenbergii,  Montgomery,  10,  1890  (Fisher). 

On  (Quercus  bicolor,  Montgomery,  10,  1890  (Fisher).    [Herb.    U.S.] 
IMyxosi'Oru'm  NiTiDi'M  B.  aud  C. 

On  Cornus,  Tippecanoe,  4,  189*2  (Arthur). 

BABIDIOMYCETES. 

UsTIhACJINE-K. 

Entyi.oma  comi'Ositauum  Farl. 
On  Ambrosia  artemisid'folia,  Tippecanoe,  7,  1SS9  (Arthur). 

KxTYLoMA  I'HYSAMDis  (K.  aud  C.)  Wiut. 

On  Physalis  pubescens,  Johnson,  11,  1890  (Fisher);  Putnam,  9,  1893. 

On  Physalis  Philadelphica,  Johnson,  11,  1890  (Fisher). 

TlLLETIA  STRI.KKORMIS  (Wcsteud.)   Wiut. 

On  Phleum  pratense,   Putnam,  5,  1892;  5,  1893;  Tippecanoe,  5,  1889 
(Bolley). 
Uko(  YSTis  ANEMONES  (Pers.)  Wiut. 
On  Hepatica  acutiloba,  Tippecanoe,  5,  1S9:>  (Arthur). 

I'sTILAGO  ANOMALA  J.  KunZC. 

On  Polygonum  dumetorum  scandens,  Putnam,  9,  1S93. 
r.sTiLA<.o  A\  EN.v.  (^Pcrs.)  Jenseu. 
On  Avena  sativa,  Montgomery,  isn.i  (Olive) ;  Tippecanoe,  l.si»l  (Arthur). 
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UiSTILAXJO  HORDEI. 

On  Barley,  Dearborn  (>.  1888  (Bolley).    [Herb.  Arthur.] 
L'sTiLAOo  I'ANici-oLAUci  [Wallr.)  Wint.    (  V,  neglecta  Niessl.) 

On  Setaria  glauca,  Montgomery,  1S1>3  (Olive). 
Uhtilago  Rabenhorstiana  Kuhn. 

On  Panicum  capillare,  Putnam  10,  1S92. 

UsTILACiO  8YXTHERISM.K  (Schw.)  Pk. 

On  OenchruB  tribuloides,  Putnam,  10,  is$)2. 
TsTiLAGo  TRiTici  (Pers.)  Jensen. 

On  Triticum  vulgare.  Brown,  5,  lH*i:);  Putnam,  (i,  IsuH;  Montgomer}', 
1893  (Olive);  Wabaah,  6,  1888  (Miller);  Tippecanoe,  1893  (Arthur). 
rsTii.Auo  UTRicrLOSA  (Nees)  Wint.  , 

On  Polygonum  amphibium,  Wabash,  10,  1890  (Miller). 
UsTiLA(io  Ze.kmays  (DC.)  Wint. 

On  Zea  mays,  Putnam,  9,  is»)2;  9,  1S93;  Johnson,  10, 1890  (Fisher.) 

Uredixe-k. 
.Taidum  aquilkgi.k  Pens. 

On  Aquilegia  sp.,  Tippecanoe,  <i,  1SS9  (Bolley). 

yl'XIDILM  ASTERIM  Schw. 

On  Aster  cordifolius,  Montgomery,  ls93  (Olive). 

On  Aster  sagittifolius,  Montgomery,  1893  (Olive). 

On  Aflter  sp.,  Vigo,  5,  1893  ;  Tippecanoe,  5, 1893  (Arthur). 

On  Solidago  latifolia,  Putnam,  7,  1893: 

On  Solidago  Canadensis,  Laporte,  6,  1893  (Arthur). 

On  Solidago  cfcsia,  Montgomery,  1893  ((.)live). 

On  Solidago  sp.,  Vigo,  5,  189.1. 

.!*>  IDIIM  llERHERIDIS  Pcrs. 

On  Berberis  vulgaris,  Lagrange,  7,  1889  (Arthur).    [Herb.  Arthur.] 
.'Kri  I )i  L  M .  1  )rc'ENTii.K  Trelease. 

On  Dicentra  cucullaria,  Montgomery,  1893  (Olive). 
-Iamdium  ErpiioRMi.K  Gmel. 

On  Euphorbia corollata,  Johnson,  7,  181H)  (Fisher). 

On  Euphorbia  dentata,  Putnam,  9,  1891. 

On  Euphorbia  Preslii,  Johnson,  7,  1890  (Fisher);  Fulton,  10,  189:i. 

On  Euphorbia  macula ta?  Montgomery  (Rose). 

On  Euphorbia  sp.,  Putnam,  10,  1S92;  Tippecanoe  7, 1890  (Bolley). 

-rEciDIlM  (IKRANir  D  C. 

On  Geranium  maculatum,  Vigo,  r>,  189:>. 
4 
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-KCIDIUM  liROSSULARI.E  D  C. 

On  Ribes  rotundifolium,  Putnam,  o,  18! »3. 

On  Kibes  cynosbati,  Putnam,  5,  1S92;  Montgomery,  l<Sti3  (Olive). 

.ECIDIL'M  HEl'ATICATUM  Schw. 

On  Hepatica  acutiloba,  Montgomery,  4,  1S«»2;  5,  1893  (Thomas). 

-EC1D11'3I  HYDNOIDEUM  B.  &  C. 

On  Dirca  palustris,  Johnson,  7, 18i)0  (Fisher) ;  Montgomery,  1893  (Olive) 
Waba«h,  7,  1887  (Miller). 

.KciDlUM  IMPATIENTIS  Schw. 

On  Impatiens  fulva,  Johnson,  7,  1890  (Fisher);  Putnam,  7,  1893;  Mont- 
gomery (Rose). 
-KciDiuM  LYcopi  Gerard. 

On  Lycopus  sp.,  Vigo,  5,  1893. 
.KciDiuM  Mari.e«Wils<7Ni  Peck. 

On  Viola  palmata  cucullata,  Putnam,  5,  1893. 

.KCIDICM  <ENOTHER.E  Pk. 

On  Oenothera  biennia,  Vigo,  5,  1893. 
/lu  iDiuM  oxouRYciiiDis  Burrill. 
On  PBoralea  Onobrychis,  Vigo,  5,  18W3. 

.EtIllirM  ITELE.K  B.  &  C. 

On  Ptelea  trifoliata,  Montgomery,  1893  (Olive). 

-KciDILM  I'lSTULATlM  Curt. 

On  Comandra  umbellata,  Vigo,  5,  1893;  Montgomery,  1893  (Olive). 
Jaidiim  RANUNcru  Schw. 
On  Ranunculus  abortivus,  Decatur,  5,  1889  (Arthur);  Putnam,  4,  1892; 
5,  1893;  Brown,  5,  1893. 

^ECIDIIM  SAMHUl  Schw. 

<  )n  Sambucus  Canadensis,  Johnson,  7,  1890  (Fisher);  Putnam,  5,  1892 ; 
5,  1893;  Brown,  5,  1893;  Vigo,  5,  1893;  Montgomery,  1893  (Olive). 

C.KOMA  AGRIMONI.E  Schw. 

On  Agrimonia  eupatoria,  Johnson,  7,  1890  (Fisher);  Putnam,  9,  1891; 
Owen,  10,  1893;  Montgomery  (Rose). 

On  Agrimonia  parviflora,  Putnam,  9,  1893;  Marshall,  10,  1893. 
CoLEOsi»<)RirM  Ri  Bi  Ell.  and  Hals. 

On  Rubus  cuneifolius,  Johnson,  9,  1890  (Fisher). 

On  Rubus  villosus,  Johnson,  9,  18JK)  (Fisher).    [Herb..    U.  8.] 
CoLEospoRiiM  sox«  Hi-ARVENsis  (Pers.)  Lev. 

On  Aster  cordifolius,  Montgomery,  10,  18iK)  (Fisher). 
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On  Aster  azu reus,  Montgomery,  10,  18iHl  (Fisher);  1S93  (Olive). 
On  Aster  Novfe-anglite,  Montgomery,  Johnson,  8,  18fK)  (Fisher);  Mont- 
gomery, 10.  ISiK)  (Fisher). 
On  Aster  paniculatas,  Montgomery,  10,  18VK)  (Fisher). 
On  Aster  punicens,  Johnson,  10, 1890  (Fisher). 
On  Aster  saggitt^foliuB,  Johnson,  s,  1890  (Fisher). 
On  Aflter  salicifolius,  Johnson,  11,  IHIK)  (Fisher). 
On  Aster  Shortii,  Montgomery,  10,  1890  (Fisher). 
On  Aster  Tradescanti,  Johnson,  7,  1890  (Fisher). 
On  Solidago  argnta,  Montgomery,  10,  1890  (Fisher). 
On  Solidago  csesia,  Montgomery,   7,   1890  (Fisher);   Johnson,   11,   1890 

(Fisher). 
On  Solidago  Canadensis,  Johnson,  7, 181K)  (Fisher);  Montgomery,  10, 18?X) 

(Fisher) :  Wabash,  10,  1890  (Miller). 
On  Solidago  latifolia,  Montgomery,  10, 1890  (Fisher);  189:i  (Olive);  Owen, 

10, 189:i. 
On  Solidago  patula,  Montgomery,  10,  isiK)  (Fisher). 
On  Solidago  rugosa,  Johnson,  11, 18iK)  (Fisher). 
On  Solidago  serotina,  Johnson,  10,  181H)  (Fisher);  Owen,  10, 189:i. 
C>n  Vemonia  fasciculata,  Putnam,  10,  1891 ;    Montgomery,  189:t  (Olive). 
On  Vernonia  Noveboracensis,  Johnson,  8, 18tK)  (Fisher). 
On  Hieracium  sp.,  Vigo,  5,  1893. 
Gymnosi»oram»ium  (ilobosum  Farl. 

On  Janiperns  Virginiana,  Putnam,  4,  1892;  5,  1893;  Owen,  o,  1893. 
Gymno.sih>rangiim  macroih s  Link. 
On  Juniperus  Virginiana,  Putnam  3,  1892 ;  4,  1892 ;  5,  1893 ;  Owen,  o, 

1893;  Montgomery,  1893  (Olive);  Tippecanoe,  3,  1889  (Bolley). 
MKi.AMinsoRA  loiTMNA  (JacQ.)  Lev. 
On  Populus  balsamifera,  Montgomery,  10,  18!K)  (Fisher). 
On  Populus  grandidentata,  Montgomery,  10, 18tK)  (Fisher) ;  Putnam,  10, 

1893. 
On  Populus  monilifera,  Johnson,  7,  18iK)  (Fisher) ;  Putnam,  9,  1891 ;  10, 

1S93;  Montgomery,  1893  (Olive);  Tippecanoe,  9,  1888  (Bolley). 
On  Populus  tremuloides,  Marshall,  10, 1S93. 
Mela.mi'Sora  sai-icixa  Lev. 
On  Salix  cordata,  Montgomery,  1893  (Olive.) 
On  Salix  nigra,  Johnson,  10,  181K)  i  Fisher). 
On  Salix  discolor,  Montgomery,  10,  1890  (Fisher). 
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On  Salix  longifolia,  Johnson.  10, 1S90  (Fisher) ;  Montgomery,  1«^>3  (Olive). 
On  Salix  sp.,  Johnson  7,  mn)  (Fisher) ;  Putnam,  10,  1892;  10, 1S9:*». 

PnRAtJMIDIUM  FRAUARI.F.  (D  C.)  KoSSm. 

On  Potentilla  Canadensis,  Johnson,  i),  1890  (Fisher) ;  Marshall,  10, 1S93 ; 

Owen  10,  1893;  Vigo,  10, 1893;  5,  1893  (Uredo);  Tippecanoe,  9,  1889 

(Bolley). 
PHRAiiMiDiuM  sujK'ORTinuM  (Schrank)  Wint. 
On  Rosa  lucida,  Johnson,  9, 1890  (Fisher). 
On  Rosa  setigera,  Johnson,  7, 1890  (Fisher). 
On  Rosa  Carolina,  Putnam,  9,  1 893. 
On  Ro8a(sp.  cult.),  Putnam,  10, 1891 ;  11,  1892 ;  9, 189.5;  Dearborn,  9, 1888 

(Bolley). 
On  Rosa  (sp.)  Vigo  5,  1893;  Brown,  5, 1893  (Uredo). 

PUCCINIA  ANDROPOOI  8chw. 

On  Andropogim  sp.,  Vigo,  10,  1893. 
Puccini  A  AN<irsTATA  Pk. 

On  Scirpus  atrovirens,  Johnson,  11,  \H\iO  (Fisher) ;  Putnam,  9,  1891 ;  Tip- 
pecanoe, 9,  1889  (Bolley). 

On  Eriophorum  cyperinum,  Putnam,  10,  181H  ;  Fulton,  10,  1893. 
Puccini  A  ai'ocryita  Ell  &  Tracy. 

On  Asprella  hystrix,  Johnson  11,  1890  (Fisher).    [Herb.  U.  S.] 

PltXINIA  ARGENTATA  (Schultz.)'    Wiut. 

II.,  On  Impatiens  flalva,  Johnson,  9, 1890,  (Fisher).    [Herb.  U.  S.] 

Puccini  A  asteris  Dubv. 

« 

(Jn  Aster  cordifolius,  Montgomery,  10,  1890  (Fisher). 

On  Aster  paniculatus,  Montgomery,  10,  1890  (Fisher). 

On  Aster  sp.,  W.  Lafayette,  10,  1889  (Bolley). 

PucciNiA  Boli.kyana  DeToul. 

On  Carex  sp.,  Tippecanoe,  11,  1888  (Bolley). 

PucciNiA  (ARK  IS  (Schum.)    Reb. 
On  Carex  bullata,  Johnson,  9,  1890  (Fisher). 

(3n  Carex  fcenea,  Montgomery,  11,  1890  (Fisher). 

On  Carex  lurida,  Montgomery,  11, 1890  (Fisher). 

On  Carex  straminea,  Johnson,  11,  1890  (Fisher). 

On  Carex  Tirescens,  Montgomery,  11,  1890  (Fisher). 

On  Carex  sp.,  Johnson  11,  18<)0  (Fisher);  Putnam,  10,  1891;   10,  1893; 

Fulton,  10,  189:J  ;  Montgomery,  189:;  (Olive);  Boone,  3, 1891  (Arthur). 

On  Dulichium  spathaceum,  Marshall,  10,  1893. 


Pr<H  iNiA  c'iRiMc.t  Pers. 

On  Circxea  Lutetiana,  Johnson,  7, 1890  (Fisher);  Patnam,  10,  1893;  Wa- 
baah  7,  188(5  (Miller). 
Prx  INIA  coxvoLvuLi  (Pers.)  Cast. 

On  Convolvulus  sepium,  Putnam,  9,  1891 ;  9,  1893. 
PiciNiA  coRoxATA  Corda. 

On  Calamagrostis  Canadensis,  Tippecanoe,  11, 1888  (Bolley). 
PrciNiA  cYPKKi  Arthur. 

On  CyperuB  sp.,  Putnam,  10,  189:i. 
l*uc(iNiA  Dayi  Clinton. 

On  Steironema  ciliatum,  Johnson,  8,  1890  (Fisher);  Putnam,  10, 1893. 
PrcnxiA  iKHHMiA  B.  and  C. 

On  Muhlenbergia  diffusa,  Johnson,  11,  181K)  (Fisher).    [Herb.    U.  8.] 
PrrcixiA  ELEOi'iiARiDis  Arthur. 

On  Eleocharis  palustris,  Tippecanoe,  11, 1888  (Bolley). 
PrrriNiA  emac  tlata  Schw. 

OnPanicum  capillare,  Putnam,  10,  1892;  9,  1893;  Montgomery,  1893 
(Olive). 
PrcciNiA  FL06CI  L080RI  M  (A.  and  8.)  Roehl. 

On  Cnicus  lanceolatus,  7,  1890;*  9,  18901  (Fisher);  Marion,  8,  1890;  (Bol- 
ley); Marshall,  10, 1893;  Putnam,  9, 1893. 

On  Taraxacum  officinale,  Johnson,  8, 1890t  (Fisher);  Putnam,  5,  1893; 
Montgomery,  1893  (Olive);  Tippecanoe,  9,  1888  (Bolley). 
PrtciNiA  GALii  (Pers.)  Wint. 

On  Galium  asprellum,  Johnson,  11, 1890  (Fisher). 

On  Galium  concinnum,  Johnson,  7,  1890  (Fisher);  Montgomery,  1893 
(Olive). 

On  Galium  triflorum,  Putnam,  11, 1891 ;  10, 1893;  Montgomery,  10, 1893. 
Pkxinia  (;raminis  Pers. 

On  Agrostis  sp.,  Putnam,  10,  1893. 

II.    On  Avena  sativa,  Putnam,  7, 1893;  (III.)  Montgomery,  1893  (Olive); 
Tippecanoe,  10, 1888  (Bolley). 

On  Poa  pratensis,  Montgomery,  11,  1890  (Fisher);  Marshall,  10,  1893; 
Putnam,  10,  1893. 

On  Poa  compressa,  Montgomery,  11,  ]8fK)  (Fisher). 


'^In  Coll.  l.  S  as  F.  cirsil-lanceolati. 
tin  Coll.  r.  S.  as  I*,  ^uaveolens. 
tin  Coll.  r.  J?,  as  IV  hleracii. 
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On  Triticum  vulgare,  Johnson,  7,  181K)  (Fisher);  Putnam,  9,  1893;  Tippe- 
canoe, H,  1890  (Arthur). 
PucnxiA  HEUoiNiDis  Schw. 

On  Heliopeis  scabra,  Johnson,  9,  1890  (Fisher).    [Herb.  V.  S.] 
Putx  iNiA  IN  Di  SI  ATA  Dietel  &  Hoi  way  ined. 
On  Cyperus  strigosus,  Putnam,  9,  189:»;  10,  189:5. 
On  CyperuB  sp.,  Tippecanoe,  9,  1888  (Bolley). 
Pi'iviNiA  iNTKRSTiTiALrs  (Schl.)  TraDzschel.    (Uredo=Gjeoma  nitena Schw.) 
II.  On  Rubus  (blackberry),  Putnam,  5,  1892;  5,  189:{;  Vigo,  5,  189:5. 
II.  On  Rubus  villosuB,  Montgomery,  1893  (Olive). 

II.  On  Rubus  occidentalis,  Montgomery,  1893  (Olive);  Marshall,  5,  1889 
(Parks  in  Herb.  Arthur). 
PraiNiA  KuHNi.K  Schw. 

On  Kohnia  eupatorioides,  Tippecanoe,  9,  1888  (Bolley). 
Puccini  A  latkripes  B.  &  Rav. 
On  RuelUa  strepens,  Johnson,  7, 1890  (Fisher);  Owen,  10, 189:5;  Wabash, 
7,  1887  (Miller). 
PucciNiA  LOHKLLK  Cxerard. 
On  Ix)belia  syphilitica,  Johnson,  7,  18iK)  (Fisher);  Putnam,  10,  1892;  9, 
1893;  Fulton,  10,  1893;  Tippecanoe,  9,  188.'5  (Arthur);  Vermillion,  7, 
1889  (Arthur). 
PucciNiA  MAYDis  Carr. 
On  Zea  mays,  Putnam,  10,  1S91 ;   9,  1893;  Montgomery,  1893  (Olive); 
Dearborn,  8,  1889  (Bolley). 

PrcCINIA  MENTK.K  PcrS. 

On  Blephilia  hirsute,  Johnson,  9,  1890  (Fisher):  Montgomery,  11,  1890 

Xl^^sher). 
On  Cunila  Mariana,  Monroe,  9,  188(i  (Blatchley). 
( >n  Mentha  Canadensis,  Johnson,  8,  1890  (Fisher);  Marshall,  10,  1893; 

Tippecanoe,  9,  1S9;5  (Arthur). 
On  Monarda  fistulosa,  Montgomery,  10,  1890 (Fisher);  Marshall,  10, 1893; 

Vigo,  10,  189:5. 
On  Monarda?  sp.,  Owen,  10,  1893. 
On  Pycnanthemum  lanceolatum,  Marshall,  10, 1893. 
On  Pycnanthemum  muticum,  Vigo,  10,  1893. 

Pr(CINIA   I'ODOIMIYLLI  Schw. 

On  Podophyllum  peltatum,  Johnson,  7,  IWK)  (Fisher);  Monroe,  5, 1893; 
Brown.  5,  1H93;  Owen,  5,  1893;  Vigo,  5, 1893;  Putnam,  5, 1892;  Mont- 


j^omery,  1S<>:)  (Olive);  Wabash,  H,   1890  (Miller);    Dearborn,  lss« 
(Bolley). 

PlCXINIA  1'<)I,Y<;0XI-AMI»HIBII  Pcrs. 

On  Polygonum  acre,  Johnson,  10,  18iK)  (Fisher);  Putnam,  10,  1891;  10, 

189:]. 

On  Polygonum  Mublenbergii,  Fulton,  10,  1S93;  Wabash,  5, 1«K)  (Miller). 
PrrcixiA  rRKNANTins  (Pers.)  Fckl. 

I.  III.  On  Prenanthes  sp.,  Vigo,  5,  1893. 

On  Prenanthes  alba,  Putnam,  5,  1S«K)  (Arthur). 
PucciMA  RAKiNi  ri.i  Scvmour. 

On  Ranunculus  repens,  Montgomery,  189o  (Olive). 
PrcriNiA  Rrni(;o-vERA  (D  C.)  Wint. 

On  Elymus  Virginicus,  Tippecanoe,  10,  1888  (Bolley). 

On  Avena  sativa,  Johnson,  7,  IS^K)  (Fisher). 

On  Muhlenbergia  diffusa,  7,  181K)  (Fisher). 
PrciiNiA  jsAXKi'L.K  Grcv. 

On Sanicula Canadensis,  Montgomery  (Rose). 
Puccini  A  sciiRiKTERiAXA  Plowr.  &  Magnus 

On  Oarex  stenolepis,  Johnson,  11,  1890  (Fisher).    [Flerb.  T.  S.] 
PrrciNiA  siLriiii  Schw. 

On  Silphium  sp.,  Putnam,  10,  1891. 

PriCINIA  TAXA(  ETI  D  C. 

On  Helianthus  annuus,  Johnson,  9,  18iK)  (Fisher);  Putnam,   10,   1891 ; 

11,  1892;  Montgomer}',  1S93  (Olive). 
On  Hilanthus  divaricatus,  Montgomery,  10, 1890  (Fisher). 
On  Helianthus  strumosus,  Johnson,  8,  1890  (Fisher) ;    Tippecanoe,  9, 

1888  (Bolley). 
On  Helianthus  tracheliifolius,  Montgomery,  10,  1890  (Fisher);  Shelby, 

11,  18W  (Fisher). 
On  Helianthus  grosse-serratiis,  Montgomery,  1893  (olive). 
On  Helianthus  sp.,  Putnam  10,  189.*] ;  Vigo,  10,  1893. 
PrcciNiA  TENUIS  Burrill. 
On  Eupatorium  ageratoides,  Putnam,  9,  1893. 

PUCCINIA  TIIALICTRI  CheV. 

II.,  III.  On  Thalictrum  dioicum,  Montgomery,  0,  18t>3  (C^live). 
Puct'iNiA  Veknoni.k  Schw. 
On  dead  stems  Vernonia  fasclculata,  Putnam,  12,  1S92. 
On  Vernonia  fasclculata,  Putnam,  10, 189:;. 
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Pl'ccinia  viol.e  (Scham.)  D  C. 
On  Viola  palmata  cucullata,  JohnBon,  8,  18fK)  (Fisher);  Montgomery, 

IS93  (Olive). 
On  Viola  striata,  Montgomery.  10,  1800  (Fisher);  Owen,  10, 1898;  Put- 
nam, 10,  1898. 
I.  On  Viola  sp.,  Vigo,  o,  1893;  Putnam,  5,  1898. 
PrctiNiA  vuLPiNoiDEs  Diet.  &  Holway  ined. 
On  Carex  vulpinoides,  Tippecanoe,  11,  1888  (Bolley). 

ruClINIA  X  A  NTH  1 1  Sohw. 

On  Amhrosia  trifida,  Dearborn,  8, 1S*)0  (Bolley). 

On  Xanthium  Canadense,  Montgomery,  10,  1890  (Fisher);  10, 1893;  Put- 
nam, 9,  1898. 

On  Xanthium  strumarium,  Johnson,  7,  1890  (Fisher);  Putnam,  9,  1891 ; 
7, 1893;  Montgomery,  1893  (Olive);  Tippecanoe,  8,  1890  (Arthur). 

RiKHTELIA  LACERATA  (8oW.)  Fr. 

On  Crataegus  coccinea,  Montgomery,  1898  (Olive). 

On  Crataegus  punctata,  Montgomery,  1893  (Olive);  Putnam,  9, 1893. 

R(E8TBLIA  PYRATA  TlIAX. 

On  P3rrus  communis,  Wabash,  9, 1887  (Miller). 
On  Pyrus  coronaria,  Wabash,  8, 1891  (Miller). 
Uredo  hydranok.k  B.  &  C. 
On  Hydrangea  arborescens,  Marion,  8,  1890  (Tracy);  Montgomery,  8, 
1890,  10,  1890  (Fisher) ;  Putnam;  10, 1891. 
I'redo  ix)lypodii  (Pers.)  D  C. 

On  Cystopteris  fragilis,  Putnam,  7, 1898. 
Uromvckm  appendkulata  (Pers.)  Lev. 
On  Phaseolus  (sp.)  Montgomery,  10,  181K)  (Fisher);    1898  (Olive);  Put- 
nam, 10,1892;  7,  1893. 
On  Strophostyles  angulosa,  Montgomery,  1893  (Olive.) 
Uromyces  caladii  (Schw.)  Farl. 
I.    On  Arissema  dracontium,  Vigo,  5,  1S93;  Brown  5,  1893;  (III)  Mont- 
gomery 1893  (Olive). 
I.    On  Arissema  triphyllum,  Putnam,  r>,  1892;  Monroe,  5, 1893;  Owen, 

5,1893;  Vigo,  r>,  1893. 
III.    On  Arisaema  triphyllum,  Johnson,  7,  1890  (Fisher);  Putnam,  7, 
1898;  Montgomery  1893  (Olive). 
Uromyces  caryophyllixus  (Schr.)  Schrot. 
On  Carnations,  Marion,  1892  (Arthur). 
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UrOMYCKS  I)A(TYL0IDE8  Otth. 

II.    On  Poa  pratensis,  JohnsoD,  11, 1S90  (Fisher).    [Herb.  U.  S.] 

UrOMYCES  El*]*HORBl.K,  C.  &  P. 

On  Euphorbia  dentata,  Putnam,  9,  1891. 

On  Euphorbia  Preslii,  Johnson,  7,  1890  (Fisher) ;  Fulton,  10, 1893. 

On  Euphorbia  hypericifolia,  Putnam,  10,  1891  ;   Tippecanoe,  9,  1888 
(Bolley). 
I'^RoMYCEs  (iKAMixicoLA  Burrill. 

II.  III.  On  some  grass  (Triodia?  or  Glyceria?),  Johnson,  8,  1890  (Fish- 
er).   [Herb.  F.  S.] 

UROMYrES  HEDVSARM'AXK  ILATI  (Schw.)  Farl. 

On  Desmodium  canescens,  Johnson,  7,  1890  (Fisher);  Montgomery,  1893 
(Olive). 

On  Desmodium  la-vigatum,  Montgomery,  7, 1890  (Fisher). 

On  Desmodium  paniculatum,  Johnson,  7,  1890;  10,  1890  (Fisher). 

On  Desmodium  viridifiorum,  Putnam,  9, 1893. 

On  Desmodium  Dillenii,  Montgomery  (Rose). 

On  Desmodium  sp.,  Owen,  10,  1893;  Vigo,  10,  1893;  Marshall,  10,  1893; 
Montgomery,  10,  1893.' 
Uhomyces  How  EI  Pk. 

On  Asclepias  comuti,  Johnson,  s,  1890  (Fisher);  Montgomery,  7,  1890 
(Fisher);  1893  (Olive);  10,  1893;  Putnam,  10, 1891;  9,  1893;  Wabash, 
7,  1891  (Miller) ;  Dearborn  9,  1888  (Bolley). 

On  Asclepias  purpufascens,  Montgomery,  10,  1890  (Fisher). 

On  Asclepias  incarnata,  Montgomery,  1893  (Olive). 
Vromyce-s  iiYPERK  I  (Schw.)  Curt. 

On  Elodes  campanulata,  Marshall,  10,  1S93. 

On  Hypericum  Canadense,  Johnson,  8, 1890  (Fisher). 

On  H3rpericum  mutilum,  Putnam,  10,  1891 ;  Marshall,  10,  1893. 
Uromyces  LEsi'EDKz.E  (Schw.)  Pk. 

On  Lespedeza  procumbens,  Montgomery,  10,  1890  (Fisher). 

On  Lespedeza  reticulata,  Montgomery,  10, 1890  (Fisher). 

On  Lespedeza  sp.,  Owen,  10,  189.3. 
Uro3iy(  Es  I'ERiGYNirs  Hals. 

On  Carex  pubescens,  Putnam,  5,  1890  (Arthur).  Cf.  Bot.  Gaz.,  Aug.  1891. 
Uromyceh  i»oly(;oxi  (Pers.)  Fuckel. 

On  Polygonum  acre,  Johnson,  8,  1890  (Fisher). 

On  Polygonum  aviculare,  Putnam,  9,  1893;  Montgomery,  1893  (Olive); 
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Tippecanoe,  9,  1888  (Bolley). 
On  Polygonum  erectum,  Johnson,  8,  1800  (Fisher) ;  Putnam,  10,  1891  ; 

Tippecanoe,  9,  1 888  ( Boll  ey ) . 
Ukomycem  terebinthi  (DC.)  Wint. 
On  Rhus  toxicodendron,  Montgomery,  10, 1890  (Fisher);  Putnam,  9, 189:V, 

10,  189:5;  Owen,  10,  189:i. 

UROMYCE.S  TRIFOLII  (A.  i^'  S.)  Wint. 

On  Trifolium  medium,  Johnson,  11,  18iK)  (Fisher). 

On  Trifolium  pratense,- Montgomery,  10,  1890  (Fisher);    1893  (Olive); 

Johnson,  11,  181H)  (Fisher);  Putnam,  9,  1891;  Tippecanoe,  10,  1891 

(Arthur);  Wabash,  8,  1891  (Miller). 
On  Trifolium  repens,  Montgomery,  1893  (Olive) ;  Tippecanoe,  10,  1888 

(Bolley). 
On  Trifolium  hybridum,  Wabash,  10, 1880  (Miller). 

I'ROMYrEK  SV, 

On  Carex  lupulina  pedunculata,  Johnson,  11.  1890  (Fiaher). 
"n.  sp."    [Herb.  U.S.] 
Uropvxis  amorph.k  (Curt.)  Schra»t. 
On  Amorpha  canescens,  Marshall,  10,  1S93. 

Tremellixi. 
AiRK'ULARiA  SAMBUciNA  Mart.    Putuam,  12,  1891 ;  .">,  1893;  10,  1S93. 
ExiDiA  GLANDULOSA  Bull.     Putuam,  12,  1891 ;  10, 1893. 
Gi.'Ei'iNiA  SPATHULARIA  Schw.    Putuam,  10,  1892  ;  9,  1893. 
Tremella  alihda  Uuds.    Putnam,  6,  1893  (M.  T.  Cook.) 
Tremella  folia<  ka  Pers.     Putnam,  10,  1893. 
Tremeli.a  lutehcens  Pers.    Putnam,  10,  1893. 

HYMENOMYCETES. 

THEI.EI'HOREI. 
COICTICIUM  INtAKNATlM    Fr. 

On  Hicoria  sp  ,  Putnam,  4,  18IKJ. 
CoRTicn'M  ML'TATUM  Pk.,  Putuam,  10,  1891. 
Cr vterellus  ( oRNi( opioides  L.     Putnam,  7, 1893. 
Sterkim  ALBOBADir.M  Schw.,  Putnam,  10,  1891  (H.  E.  Cole). 
Sterevm  bicolor  Pers?  Putnam,  10,  18<>1. 
Stekeim  complk ATr>r  Fr.,  Putnam,  10,  1891. 
Stereim  FRrsTULOsiM  Pcrs. 

On  Quercus  sp.,  Putnam,  10, 1891;  10,  1892;  10,  1893. 
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\STEREt'M  i»i'ri»urki:m  Peis.,  Putnam,  :J,  1892. 
Stkrbum  sERicEiM  Schw.,  Putoam,  10,  1^91. 
Sterelm  versicolor  Swartz,  Putnam,  10,  18J»1;  10,  181>2;  U,  18^)3. 
TiiKLBPHORA  SniwEiNiTzii  Pk.,  Putnam,  7,  1S93. 

ClAV  ARIEL 

Caixktera  cornea  Batech.    Putnam,  11,  1892;  10,  1893. 
Clavaria  crispula  Fr.    Putnam,  7,  189:>;  10,  1893. 
Clavaria  mucida  Pers.    Putnam,  10,  1893. 
Clavaria  pyxidata  Pers.     Putnam,  10,  1893;  Marshall,  10,  1893. 
Clavaria  stricta  Pers.    Putnam,  10,  1893. 

HYDNEI. 

Hydni'm  almoviride  Morg.    Putnam,  0, 1893  (Florence  Young). 

Hydxum  AUTACEiM  Fr.    Putnam,  10,  1891. 

Hydxum  CORALLOIDE8  Scop.    Putuam,  9,  1891 ;  12,  1801 ;  10.  1893  (Ellis  and 

Wright);  Tippecanoe,  9,  1893  (Arthur). 
Hydm'm  ERiXACEiM   BuU.     Putnam,  10,  1891;  10,   1893;    Vermillion,  9, 

1889  (Arthur). 
Hydxcm  KARiNACEiM  Pcrs.    Putnam,  10,  1891 ;  10,  1893. 
Hydni'm  flarblliformb  Berk.    Putnam.  10,  1893. 
Hydnum  MuciDr.M  Fr.    Putnam,  12,  1891. 
Hydxi'm  xiiH'M  B.  and  C.    Putnam,  U,  1891. 
Hydxum  ociira<  eum  P.    Putnam,  10,  1891 ;  10,  1893;  Vigo,  10,  1893. 
Hydncm  piTiiYOPiiiLr.M  B.  &  C.  ?     Putnam,  10,  1893;  plant  bright  yellow. 
Hydnum  pulcherrimum  B.  &  C.    Putnam,  10, 1891. 
Hydxum  septextrioxale  Fr. 

On  a  fallen  oak,  Vigo,  10,  1893. 

On  a  standing  beech,  Vigo,  10,  1893. 
Hydnum  .stratosim  Berk.        Under  side  of  a  log,  Putnam,  10, 1891. 
Hydxum  udum  Fr.    Putnam,  10,  1892;  10,  1893. 
Irpex  fus(  f>^<  ens  Schw.    Vigo  10,  1893;  Putnam,  10,  1893. 

Irpex  OBLitiuus  Schrad.    Vigo,  10,  1893. 

Piilebia  MERiSMoiDEs  Fr.     Putnam,  10,  1892  ;  10,  1893;  Vigo,  10,  1893. 

PoLYK)RIXE.K. 

D.kdalea  ambkiua  Berk.    Putnam,  9,  1891 ;  10,  1893. 
D.EDALEA  cuxfrag«)8a  Bolt.     Putuam,  10,  1891;  9,  1893. 
Djkdalea  uxicolor  Bull.    Putnam,  10,  1893. 

Favolus  ALVEOLARIU8  (DC.)  Fairmau.    (F.  Europnm,  F,Can(piemU.)    Put- 
nam, 1,  1893;  Marshall,  10,  1893. 
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GuKOPORus  coN'CHOiDEs  Mont.  ?    Vigo,  10,  1893;  Tippecanoe,  4,  1892  (Ar- 
thur). 

Lenzites  betulina  (L.)  Fr.    Patnam,  10, 1891 ;  Vigo,  10, 1893;  Tippecanoe, 
4, 1892  (Arthur). 

Lbnzites  vialis  Pk.    Putnam,  10,  1891 ;  10,  1893  (Including  polsrporoid 
forms.) 

Merulius  molluscus  Fr.    Putnam,  10,  1893. 

Merulius  RUBELLU8  Pk.    PutUEm,  9,  1891 ;  11,  1892;  10, 1893. 

Merulius  tremei.losus  Schiad.    Putnam,  10, 1891 ;  5, 1893;  11, 1893 ;  Vigo, 
10,  1893. 

PoLYPORi's  ADLfiTus  Willd.    Putuam,  10, 1891 ;  10,  1893;  Vigo,  10, 1893. 

PoLYPOBUH  APPLANATiM  Pcrs.    Putuam,  10,  1891 ;  10, 1892;  10, 1893;  Tippe- 
canoe, 4,  1890  (Arthur). 

PoLYi»OBr8  ARcuLABius  Batsch. 
On  fallen  branches,  Putnam,  5, 1892 ;  5, 1893. 

PoLYPORUs  CONCH  ATI'S  (Pcrs.)  Fr.    Putnam,  10, 1893. 

POLYPORUS  COXCHIFER  Schw. 

On  branches  of  Ulmus  Americana,  Putnam,  10, 1891 ;  10, 1893. 

P(»LYl»ORi:S  CX)NNATU8  Fr. 

On  cherry  tree,  Putnam,  3,  1893. 

PoLYI»ORr8  FBAXIXOPHILUS  Pk. 

On  Fraxinus  Americana,  Putnam,  5, 1893. 
PoLYi-OBrs  Kuscxx'ARXEUs  Pcrs.    Putnam,  10, 1893;  11,  1893.* 
PoLYi»oRU8  liiLvrs  Schw.     Putnam,  10,  1891";  Vigo,  10,  1893;  Marshall,  10, 

1893. 
PoLYi-oRrs  HiRJsrTLK  Wulf.     Putnam,  10, 1891 ;  10, 1892;  10, 1893. 
PoLYi»ORrs  oiJDrcENs  l^ers.    Putnam,  10,  1891. 

PoLYPoRus  PERCJAMEXU8  Fr.      Putuam,  10,  1891;  12,  1891;  10, 1892;  Tippe- 
canoe, 1889  (Arthur). 
PoLYPORUs  i»iciPE8  Fr.    Putuam,  10,  1891. 
PoLYPORrs  KADicATus  Schw.    Putuam,  10,  1891. 
PoLYPORrs  KEsiNOsus  Schrad. 

On  Tilia  Americana,  Putnam,  5,  1892;  10,  1892. 
PoLVPOR.rs  KiBis  (Schum.)  Fr. 

On  currant  bushes,  Putnam,  5,  1893. 
PoLYPORi  8  HiMosrs  Bcrk  ?     Putnam,  10,  1891.  , 

PoLYPOROH  siLPHrRKi's  (Bull.)  Fr.    Putnam,  9,  1893. 

'These  forms  are  called  by  Peck  var.  UanU. 


Poly PORis  VERSICOLOR  (L.)  Fr.    Tippecanoe,  11,  18$0  (Arthur);  Putnam, 
10,  1891;  Vigo,  10,  1893. 

PoLYPORus  viTELLiNus  Schw.    Putuam,  11,  1892. 

IV)LYPORrs  viTREus  Pers  ?    Vigo,  10,  189:^. 

PoLYPORiJS  (Poria)  xantiiosporu-s  n.  sp.  A  resupinate  plant  with  golden 
yellow  spores,  covering  large  areas  of  decaying  wood ;  mycelium  thin, 
dirty  white,  forming  an  almost  inperceptible  subiculum ;  pores  at  first 
whitish  shallow  folds  of  the  subiculum,  leaving  scarcely  any  margin  not 
occupied  by  the  various  stages  of  imperfectly  formed  pores,  at  length 
appearing  yellowish  from  the  abundant  spores,  finally  yellowish  brown 
or  dark  russet,  slightly  angular,  small  (0.25  mm.),  becoming  cristate  at 
the  mouth,  1  cm.  or  less  long  when  fully  mature,  or  with  occasional 
longer  masses  of  pores  rising  above  the  general  surface,  2-2.5  cm.  long ; 
spores  copious,  brilliant  golden  yellow,  oval,  smooth,  nucleate,  6x4  or 
6x5  mic.  "  Goose  pond  "  nine  miles  south  of  Terre  Haute,  Vigo  county, 
October  1893.  Forming  large  masses  in  cavities  underneath  the  bark 
and  wood  of  decaying  poplar  logs  (Populus  h^terophyUaf),  its  brilliant 
spores  forming  a  dense  covering  in  portions  of  the  cavities  not  filled 
with  the  fungus.  The  color  has  persisted  without  appreciable  fading 
after  exposure  to  the  light  for  nearly  seven  months. 

Tkametes  cinnaharina  (Jacq.)  Fr.    Putnam,  10, 1891;  10, 1893;  Tippecanoe, 
5,  1893  (Arthur);  Vigo,  10,  1893;  Marshall,  10,  1893. 

Tr A  METES  jscT'TELLATA  Schw.     (T,  Okiensis  Berk.) 
On  oak  rails,  Putnam,  11,  1891. 

BOLETIXE.*:. 

BoLETixrs  i»OROSL's  (Berk.)  Pk.    Putnam,  10,  1893. 

Boletus  Am  erica  N'U8  Pk.    Putnam,  9,  1891. 

Boletus  Clintomaxus  Pk.    In  a  tamarack  swamp,  Fulton,  10,  1893. 

Boletus  suuluteus  Pk.    Putnam,  10,  1893. 

Boletus  subtomextosus  L.    Putnam,  7,  1893. 

Agaricixe.k. 
A(iARicus  campestri.s  L.     Putnam,  10,  1891 ;  5,  1892 ;  9, 1893. 
AciARicus  sylvatic  us  Schiefl*.    Putnam,  10,  18,93. 
Amanita  mi^scaria  L.    Putnam,  7,  1893. 
Amaxita  paxtherixa  D.  C.    Putnam,  7,  1S93. 
Amaxita  pHALLoiDKS  Fr.    Putnam,  9,  189;». 
Amaxita  virosa  Fr.     In  low,  sandy  woods,  Vigo,  10,  1893. 
Armillaria  mellea  Vahl.    Putnam,  9,  1891  ;  9,  1893;  10,  1893. 
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Clitocvbk  illvdens  Schw.    Putnam,  10, 1893. 

Clitocybe  laccata  Scap.    Putnam  9,  1S91 ;  Vigo,  10,  1893. 

Clitocybe  piiYLLOJMiiLA  Ff.    Patiuim,  10,  189.*}. 

COLLYBIA  DRYOPIIILA  Bull.      PutlUUn,  5,  1892. 

CoLLYBiA  LoxGiJ'ES  Bull.    Putnam,  10,  1893. 

CoLLYBiA  pLATYPiiYLLA  Fr.    Putnam,  5,  1892. 

CoLLYBiA  RADiCATA  Relh.    Putiiam,  9,  1891 ;  10,  1893. 

CoLLBiA  vELiTiPEs  Cuft.    Putnam,  12,  1891 ;  Tippecanoe, 4, 1892.    (Arthur). 

Crepidotus  i>or8alis  Pk.    Putnam,  10,  1891. 

Crei'IDOtus  FULVOTOMENTt^sLS  Pk.    Putuam,  7,  1893 ;  10, 1893. 

Galera  texera  Schaeff.    Putnam.  10,  1893. 

Hypholoma  Candolleanum  Fr. 

On  lawns,  Putnam  6,  1893. 
Hypiioloma  ixcertum  Pk.    Putnam,  5,  1892. 
Hypholoma  »i  blaterithm  Schaeff.    Putnam,  10,  1891;  10,  1893. 
Hypholoma  YELrxixiM  Pers.    Putnam,  10,  1893. 
Lepiota  Americaxa  Pk.    Putnam,  9,  1893. 
Lepiota  tristata  a.  and  S.    Putnam,  9,  1893. 
Lepiota  xaucixoides  Pk.    Putnam,  10,  1893. 
Lepiota  procera  Scop.    Putnam,  10,  1893;  Montgomery,  10,  1893. 
Mycexa  corticola  Schum. 

On  bark  of  living  trees,  Putnam,  11,  1891. 
Mycexa  (iAi-KRicuLATA  Scop.    Putnam,  5,  1892;  Vigo,  5,  1893. 
Myckna  Lea  i  ax  a  Berk.    Putnam,  5,  1892;  Vigo,  >,  1893. 

NaVCORIA  SEMIORBUILARIS  (BuU). 

On  lawns,  Putnam,  5,  1892. 
Pax.f.oli's  kimipitris  Bull. 

<)n  dung  in  pastures,  Putnam,  H,  1893. 
Phomota  adiposa  Fr.    Putnam,  9,  1893;  Vigo,  10,  1893. 
Pholiota  .spectabilis  Fr.    Vigo,  10,  189;». 
Pleiroti  8  sAMGxrs  Schrad. 

On  dead  Salix,  Putnam,  10,  189:^. 
Pi.KiROTus  8EROTIXUS  Schrad.    Putnam,  11,  1892. 
Plutei's  cKKVixrs  Schieff.    Putnam,  5,  1892;  9,  1893. 
Stropharia  .KRUdivosA  Curt.    Putnam,  10,  1893;  Vigo,  10,  1893. 
Stropharia  semkjlohata  Batsch.    Putnam,  10,  1893. 
Ti  BAKiA  FiKKUKACKA  I'erg.    Putoam,  10,  1893. 
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BoLHrni'8  T£NER  Berk. 

On  lawns,  Putnam  6,  1 893. 
Cantharklu's  riHAKirs  Fr.     Putnam,  7,  189o. 
Canthakkllus  ciNXABAKiNrs.    Putnam,  7,  18fK>. 
CopRixrs  ATRAMENTARii  8  (BuU.)  Fr.    Putnam,  4,  1892;  10,  189:». 
CopKiNus  ( OMATi'8  Fr.    Putnam,  10,  1893. 
CopRiNus  MKACErs  (Bull.)  Fr.    Putnam  4,  1892. 
CopRiNus  pLicATiLis  (Curt.)  Fr.    Putnam,  0,  1893  (Melia  Ellis). 
CoPRiNi  .s  STKR<ii:iLiNrs  Fr.     Putnam,  0,  1893  (Melia  Ellis). 
Lactarius  TRIVIALI8  Fr.    Putnam,  7,  1893. 
LixTixrs  LEPij)Ers  Fr.    Vigo,  10,  1893. 
Lentixi'8  STRi(Josi>  Fr.    Putnam,  10,  1891 ;  10,  189:». 
Marasmh  s  RoTULA  (Scop.)  Fr.    Putnam,  5,  1S93. 
Pants  styiticls  (Bull.)  Fr.     Putnam,  10,  1891 ;  5,  1893;  10,  1893;  Vigo,  10, 

1893. 
ScHizt)pHYLLi  M  tOMMiXK  Fr.    Putnam,  10, 1891 ;  11, 1893;  Montgomery,  10, 
1893. 

OA8TBOMYCETE8. 

PHALLOIDE.K. 

MiTiNus  CANiMs  Huds.    Putnam,  0,  18!»3;  7,  1893. 
Phalm'sD-kmoxim  Humph.  ?    Putnam,  10,  1891. 
Phalli-s  DiPucATus  B08C.    I^ituam,  10,  1891. 
PiiALKi-s  Ravexelii  B.  cV:  C.    Putnam  10, 1891. 

Lycoperdace.e. 
BovisTA  minor  Morg.    Putnam,  4,  1S94. 

BovisTA  PI  LA  B  &  C.    Putnam,  4,  1892;  10,  1893;  Marshall,  10,  1883. 
BovisTA  plumhea  Pars.    Vermillion,  9,  1889  (Arthur);  Putnam,  6,  1892. 
C  A  L  V  ATI  A  Bo  VI8T  A  ( L. )    ( C.  maxima  Scha^ff. ,  Lycoperdon  gigantam  Batch ) . 
Montgomery,  4,  ls92  (Blair);  Noble,  9, 1892  (Laura  Beazell);  Putnam,  11, 
1893. 
Calvatia  c.klata  Bull.    Putnam,  10, 1S93. 

Calvatia  (  kanijformis  Schw.    Putoam,  10,  1893;  Owen,  10,  1893. 
Calvatia  c  yathiformis  Bosc.    Putnam  4,  1893;*'  10,  1893;  11,  1893;  Vigo, 

10,1893;  Vermillion  (Arthur). 
Catastoma  riR(  iMsciSM  m  (B.  «&  C.)  Morg.    Putnam  9,  1893. 
(iEASTKR  cAPExsis  Thum.    Elkhart  6,  1892.     (S.  W.  Baer). 
Gkastkr  LiMHATi's  Fr.    Putnam,  12,  1892. 
Geaster  stkiatl's  D.  C.    Putnam,  4,  1S92;  10, 1892. 
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LyCOPKRDON  ASTEROSI'ERMIM  D.  tS:  M.      Vigo  10,  1893.* 

Lycoperdon  ceimcforme  Bull.    Putnam  9,  1893. 

Lycoperdon  coloratl'm  Pk.    Putnam  4,  1894; 

Lycoperdon  Exc'iPiTLiFOR>fE  8cop.    Putnam,  10,  189:?.* 

Lycoperdon  glabkllum  Pk.    Putnam,  10,  189:*.. 

Lycoperdon  gemmatum  Batsch.    Putnam,  10,  189:^. 

Lycoperdon  MrscoRr.M  Morg.    Vigo,  5,  1893  (a  single  specimen). 

Lycoperdon  Peckii  Morg.    Marshall,  10,  1S9:»;  Vigo,  10,  1893. 

Lycoperdon  pediceixatum  Pk.    Putnam,  10, 1893. 

Lycoperdon  pyrifokme  SchtefF.    Putnam,  10,  189:^;  Vigo,  10,  1893. 

Lycoperdon  uimilatim  Pk.    Vigo,  5,  1893  (one  specimen  only). 

Lycoperdon  heparans  Pk.    Putnam,  10,  1893;  Marshall,  10,  1893;  Vigo,  10, 

1893. 
Lycoperdon  Tlrneri  E.  and  E.    Marshall,  10,  1893.* 
Secotium  AccuMiNATiM  (Mont.)  Tul.  ( N.   Warnei.Fk,)    Putnam,  10,  1893; 

Tippecanoe,  9,  189:3  (Arthur). 
Tylostoma  MAMMosiM  Mich.    Putnam,  4,  1892;  Vigo,  5,  1893. 

SCI.ERODKKMACE.K. 

8cler6j)erma  viLGARE  Fr.    Putnam,  9,  1893. 

NiDCLAHI.ACE.K. 

Cricibulum  VLUiAKE  Tul.     Browu,  5,  1893;  Putnam,  6,  1893;    9,  1893; 

Vigo,  10,  1893. 
Cyathu8  sTUiATis  (Huds.)  Hoffm.    Putnam,  7,  1893. 
Cyathis  vKRNKosrs   (Bull.)  D  C.    Vermillion,  9,  1889  (Arthur);  Putnam, 

6,  189: J;  9,  189: J. 

BRYOPHYTA. 

HEPATICJB. 
Rkciace.k. 

Ri(  ( lA  FLUi lANS  L.   ^Marshall,  5, 1891  (Xorman);  St.  Joseph,  7,  1893  (Uline); 
Vigo,  .">,  189:^. 

MaRCIIAXTIAC  K.K. 

Asterei.la  iiEMispji.KRK  a  ( L.)  Beauv.    Putnam,  o,  1S91  (Campbell);  5, 1892; 

10,  1892. 
CoNoi  KPiiAH  s  (ONK  IS  (L.)  Dumort.    Putnam  10,  1892. 
FiMBRiARiA  tenklla  Necs.    Owen,  5,  1893  ;  Brown,  5,  1893. 
Marchantia  pulymorpiia  L.    Putnam,  5,  1S92;  Owen,  5,  1893;  Fulton,  10, 

1 893. 


Determined  hy  A.  P.  Morgan. 
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AnTHCX'EROTACE.K. 

AxTiKKEROs  i.Kvis  L.     Putnam,  10,  1892. 

NoTHOTHYLASoRBiciLARis  (Schw.)  SulUv.    Putnam,  11, 1892;  Monroe,  1893 
(Mottier). 

JrXGERMANIArE.K. 

AxEiRA  pixGiis  (L.)  Dumort.    Putnam,  11,  1892  (one  specimen  only). 

Bazzania  trilobata  (L.)  S.  F.  Gray.    Putnam,  10,  1891. 

Cei'halozia  ciRviFOLiA  (Dlcks.)  Dumort.    Putnam,  3,  1892;  10,  1892. 

CiiiLOscYPHrs  AscEXDEXs  H.  and  W.    Putnam,  3, 1891. 

DiPLOPHYLLi'M  TA.xiFOLii  M  (Wahl.)  Duuiort.    Putnam,  10,  1892. 

FassoMBKoxiA  iRisTATA  Lludb.    Putnam,  10,  1891. 

Frillaxia  .kolotis  Nees.    Putnam,  10,  1891. 

Fri'llaxia  eboracexsis  Lehm.    Putnam,  10,  1891. 

Frullaxia  sfiCAiiROSA  Nees.    Putnam,  10,  1891. 

Frullaxia  ViR<JixirA  Lehm.    Putnam,  10,  1891. 

(teocalyx  (iRAVEOLKNs  (Schrad.)  Nees.    Putnam,  10,  1892. 

JuxciERMAXiA  ScHRADERi  Mart.    Montgomery,  4,  1892. 

Le-ieinea  calcarea  Lib.    Putnam,  10,  1891.    (On  Camptosorus.) 

Lepiikizia  reptaxs  (L.)  Dumort.    Putnam,  3,  1892;  10,  1892. 

Jj<>pno<OLEA  iiETEROPiiYLLA  (Schrad.) Nees.    Montgomery,  4,  1892. 

LopiiocoLEA  BiDEXTATA  (L.)  Dumort.    Putnam,  10,  1892. 

Xardia  (  REXiLATA  (Sm.)  S.  F.  Gray.    Putnam,  10, 1893. 

Nardia  iiyalixa  (Lyell)  Carr.    Putnam,  »5,  1893. 

Pellia  epipiiylla  (L.)  Raddi.    Putnam,  10,  1891 ;  10,  1892. 

PORELLA  pixxata  L.     Vigo,  5, 1893. 

Porella  platypiiylla  (L.)  Lindb.    Putnam,  10,  1891;  Monroe,  5,  189:>. 

Pla(jiochila  ArsPLExoiDES  { L. )  Dumort.    Putnam  10,  1892. 

Ptilidh'm  ciliare  (L.)  Nees.    Putnam,  10,  1891. 

ScAPAXiA  NEMOROSA  (L.)  Dumort.    Putnam,  9,  1891 ;  10,  1892. 

Trkiiocolea  tomextella  (Ehrh.)  Dumort.    Putnam  4,  1892. 

MUSCI. 
AxoMODOx  RosTH ATI'S    (Hedw.)   Schimp.      Owen,  5,   1893;    Montgomery 

(Barnes). 
Athuhim  AXiirsTATPM  (Brid.)  Bruch.  <&  Schimp.    Vigo,  10,  1893. 
Atrichim  L'XDULATiM  (L.)  Bruch.  &  Schimp.    Putnam,  9,  189L 
AuLACOMNUM  HETEROsTicHUM  (Beauv.)   Bnich.  &  Schimp.     Putnam,  5, 

1S93;  Montgomery  (Barnes). 
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Baktramia  i*<>MiFOR>fis  (L.)  Hodw.    Putnam,  10,  185)1. 

Brvtm  ARCiENTEiM  I^.    Putnam,  2,  1892. 

Bryim  c.K^Jl»ITlCI^M  L.    Putnam,  5,  18!»2. 

Bryl'm  I^TEKMEDI^M  (Schwiig.)  Brld.    Owen,  5,  1893. 

Bryum  RosEiM  Schreb.    Putnam,  10,  1893. 

Ceratodon   PURriREix  (L.)  Brid.     Tippecanoe,  4,  1892;   Owen,  5,  1893; 

Putnam,  4,  1894. 
CuMACiUM  Americanim  Brid.    Putnam,  10,  1891;  10,  1892. 
CoNOMiTRHM  JriJANiTM  (Savi.)  Mont.    Monroe,  3,  1893  (Mottier). 
Cylindrotiiecium  cladorrhizans  (Hedw.)  Schimp.    Putnam,  10,  1891;  5, 

1893. 
Du  RAXELhA  HETEROMALLA  (L.)  Schimp.    Putuam,  10,  1891 ;  I^ke  (Roll). 
DicRANELLA  RUFEst'ENs  (Tum.)  Schlmp.    Putnam,  10,  1891. 
Dk'Ranella  varia  (Hedw.)  Schimp.    Putnam,  11,  1892. 
DicRAMM  Fi.AtiELLARE  Hedw.    Lake  (Roll).    [Herb.  Barnes.] 
DicRANTM  .st'oi'ARiUM  (L.)  Hcdw.     Putnam,  10,  1891;  5,  1893. 
Drummondia  clavellata  Hook.    Tippecanoe,  4, 1S92;  Monroe  (Blatchley). 
EcsTicHiA  NoRVE<jicA  Brid. 

( )n  sandstone  rocks.    Putnam,  10, 1891. 
FissiDEXs  iNcuRvuH  (W.  and  M.)  Schwiig.    Putnam,  12,  1892. 
Flsnidenm  ta.x  I  folium  (L.)  Hedw.    Putnam,  5,  1893. 
FuNARiA  iiy<jrometrica  (L.)  Sibth.    Putnam,  5,  1892. 
Grimm  I A  ai'ocarpa  (L.)  Hedw.    Putnam,  o,  1893. 
Gymnomtomum  c'urvirostre  Hedw.    Owen,  o,  1893. 
Hyi'num  (Thamnium)  Ai.le<jhaniense  Miill.    Putnam,  4,  1892. 
Hyi»num  ARciTATUM.    Montgomery  (Barnes).    [Herb.  Barnes.] 
Hyi»xum   (Eurhynchium)  Bosrii  Schwiig.     Putnam,    10,    1891;    Monroe 

(Hlatchley). 
Hyi'NUM  (Euhypnum)  ci  PRESSI^X)RME  L.    Putnam,  10,  1891  ;  5,  1893. 
Hyi'XI'm  (Thuidium)  DELKATruM  L.    Putnam;  10,  1891. 
Hyi'ndm   (Amblystegium)   fluviatilk,  Swartz.     Montgomery   (Barnes); 

Putnam,  o,  1882. 
Hypni  M  (Brachythecium)  l.ktum  Brid.    Montgomery  (Barnes);  Putnam, 

10,  1891. 
Hypm'm  (Amblystegium)  RADicALEBeauv.    Montgomery  (Barnes).  [Herb. 

Barnes.] 
Hypm  M  (Brachythecium)  rutahulim  L.    Putnam,  10,  1891. 
Hyi'm  M  (Khynchostegium)  sERRrLATiM  Hedw.    Putnam,  9,  1891;  5,  1893. 
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Hyi'xi  M  (Arablystegium)  serpens  L.    Putnam,  o,  ]Si)3. 

LEi»TOTRi<'HrM  PALLiDiM  (Herb.)  Hampe.     Vigo,  5,  ISwX 

Leitotrujum  tortile  (Schrad.)  Miill.    I^ke  (Roll).    [Herb.  Barnes.] 

Leicobryim  vruJARE  Hampe.    Fulton,  10,  lH9o;  Putnam,  TO,  189IJ. 

Leimodox  .u'la(  El  s  (Hedw.)  Sulliv.  Monroe  (Blatchley);  Putnam,  10> 
lS<n;  12,  1891. 

MxiiM  AFFixE  Bland.    Montgomery  (Barnes).    [Herb,  Barnes.] 

MxiFM  ('I'spiDATiM  Hedw.    Putnam,  5,  1892. 

PiiYsroMiTRiiM  TiRHiXATi  M  (Michx.)  Brid.  Putnam,  5,  1S92;  o,  1893;  Tip- 
pecanoe, 4,  1892;  Owen;  5,  1893. 

PoGoxATiM  BREVjcAiiE  Beauv.    Putnam,  10, 1S92. 

Poi.YTRKMnM  FORMosr.M  Hedw.    Montgomery  (Barnes).  [Herb.  Barnes.J 

Poi.YTRicnr.M  Ohioense  Ren.  &  Cardot.    Marshall,  10,  1893. 

PoTTiA  TRiN'CATA  (Hcdw.)  Fuem.    Tippecanoe,  4,  1892. 

TiMMiA  MEGAPouTAXA  Hedw.    Moutgomcrj'  (Barnes).    [Herb.  Barnes.] 

We  IS  I A  Ri  VI  in- LA  Brid.    Putnam,  4,  1892. 

SFHAGNACE^. 
"SpHA(iNr.M  (  YMBiFOLii  M  Ehrh.    Fulton,  10,  1893.* 
Si'iiA<;xrM  PAiMLLosiM  L.KVE  Wamst.    Fulton,  10,  189.3.* 
Sphacjnim  REciRviM  Mr<ROXATr.M.    Fulton,  10,  1893.* 
Sphac;ni  .M  m  FES<KXs.     Fulton,  10,  1893.*  • 


*  Determined  by  Prof.  I).  ('.  Eaton. 


ZOOLOGY. 

C.  H.  KuiEXMAXX,  Director. 

In  connection  with  the  general  circular  of  the  Biological  Survey  of 
Indiana,  the  following  special  circular  for  the  Zoological  section  was 
issued : 

SPErlAL  AXXODXrKMEXT  OF  THE  DIVISION  OF  ZOOLOtlY. 

The  leading  aim  of  this  division  during  the  season  will  be  the  compila- 
tion of  a  complete  bibliography  of  the  vertebrates  of  Indiana  and  of  as 
many  invertebrates  as  can  be  provided  for. 

At  the  same  time  any  material  showing  the  distribution  of  animals  in 
the  state  is  especially  desirable.  To  determine  the  distribution,  complete 
collections  of  the  vertebrates  of  as  many  localities  as  possible  should  be 
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made.    Collections  shoald  always  accompany  notes,  so  that  the  observa- 
tions may  be  verified  by  some  specialist. 

No  opportunity  should  be  neglected  to  observe  the  breeding  habits  and 
seasons,  and  the  animal  with  young  should,  whenever  possible,  be  pre- 
served and  forwarded  to  the  Director,  who  will  transmit  it  to  the  proper 
authority  for  record. 

Another  subject  which  should  receive  attention  is  the  migration,  or 
seasonal  appearance  and  disappearance  of  mammals,  birds,  reptiles  and 
fishes.  The  interesting  results  obtained  in  the  observation  of  the  migra- 
tion of  birds  only  suggest  what  may  be  done  w^ith  the  less  conspicuous  but 
no  less  interesting  habits  of  other  forms. 

Carl  H.  EiciEyMAXx,  Director, 

Bloomington,  Indiana. 

The  chief  aim  of  this  division  for  the  past,  season — the  compilation  of 
the  bibliography  of  the  vertebrates  of  Indiana — has  been  completed,  and, 
wherever  that  has  not  been  done  before,  preliminary  lists  of  the  Indiana 
species  have  been  compiled  and  are  ready  for  the  printer.  Where 'such 
lists  had  recently  been  published  in  accessible  form  they  have  not  been 
reproduced. 

I  give  here  the  titles  of  the  lists  of  species  and  bibliographies  with  their 
place  of  publication  : 

A  CATALOtJUK  OF  THE  MaMMALS  OF  IXDIANA,  WITH  BiBLIOGRAI'HV. 

A.  W.  Butler  and  B.  W.  Evermann.    These  proceedings. 

A  CaTALO(JUE  of  THE  BlRDS  OF  INDIANA. 

Amos  W.  Butler.    Proceedings  of  the  Agricultural  Society,  I8l>0. 
Bibliography  of  Indiana  Ornithology. 

A.  W.  Butler.    These  proceedings. 
TheBatracuians  and  Reitilks  of  the  State  of  Indiana. 

0.  P.  Hay.    Seventeenth  Report  Indiana  Geological  and  Natural  History 
Survey. 

BlBLIO(JRAl'HY  OF  THE  BaTRACIIIANS  AND  ReITILES  OF   INDIANA. 

().  P.  Hay.    These  proceedings. 

A  CATALO(irE  OF  THE  FlSIIKS  OF  INDIANA. 

Carl  II.  Kigenmann  and  C.  H.  Beeson.    These  proceedings. 

BlBLIOORAPHY  OF  INDIANA  IcHTHYOLOCiY. 

Carl  H.  Eigenmann.    These  proceedings. 

The  invertebrates  have  not  been  so  well  provided  for,  although  some  of 
the  groups  have  received  an  equal  share  of  attention. 

No  reports  on  the  Protozoa,  sponges,  Plathelminthes  and  Vermes  have 
been  prepared. 
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A  catalogue  of  the  Mollusca  with  bibliography  has  been  completed  by 
Mr.  R.  Elaworth  Call,  and  appears  in  these  proceedings. 

Several  groups  of  the  Arthropods  have  recently  been  dealt  with. 

In  the  Memorial  Bulletin  (No.  4(),  189.'])  of  the  U.  S.  National  Museum, 
the  complete  writings  of  our  late  associate,  Harvey  Bollman,  have  been 
reproduced.  In  this  volume  the  Indiana  Myriopoda  are  more  fully  treated 
than  thc»8e  of  any  other  state.  In  the  same  volume,  L.  M.  Underwood 
has  given  a  complete  bibliography  of  the  American  Myriopoda,  and 
naturally,  the  Indiana  bibliography  is  included. 

A  CaTALOCU  E  OF  THE  BUTTERFLIES  KNOWN  TO  OCCUR  IN  INDIANA. 

W.  S.  Blatchley.    Seventeenth  Annual  Report  Indiana  Geological  and 
Natural  History  Survey. 
The  Gryllid.e  of  Indiana. 

W.  S.  Blatchley.    Proc.    Indiana  Academy  I,  I2i). 
The  LoiTsTiD-E  of  Indiana. 

W.  S.  Blatchley.    Proc.    Indiana  Academy  II,  92. 
The  Blattid.e  of  Indiana. 

W.  S.  Blatchley.    Proc.    Indiana  Academy  II,  15:5. 

A    partial    list    of    new    SPECIE8    OF    PARASITIC    HyMENOITERA     REARED    IN 

Indiana. 
F.  M.  Webster.    Proc.    Indiana  Academy  II,  89. 

The  Crustacea  of  Indiana  have  been  considered  by  O.  P.  Hay  in  the  pro- 
ceedings of  the  Indiana  Academy  1, 147. 

Hereafter  all  specimens  coming  into  the  hands  of  the  Academy  will  be 
referred  to  the  following  specialists : 

Mammals  and  Birds A.  W.  Butler. 

Katrachians  and  Reptiles O.  P.  Hay. 

Fishes Carl  H.  Eigenmann. 

Lepidoptera  and  Orthoptera .   .  W.  S.  Blatchley. 

Crustacea W.  P.  Hay. 

Animal  Parasites A.  W.  Bitting. 

Arachnida Dr.  Henry  C.  McCook. 

The  field  work  for  the  past  two  seasons  has  been  limited  to  private  en- 
terprise except  as  far  as  the  explorations  of  the  U.  8.  Fish  Commission 
were  concerned. 

The  specialists  in  the  various  branches  will  record  the  details  of  the  pro- 
gress in  their  respective  departments. 
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The  work  in  fishes  has  been  as  follows : 

Mr.  D.  C.  KidKely  has  collected  for  the  Indiana  University  in  Trail  creek, 
a  small  stream  of  La  Porte  county,  emptying  into  Lake  Michigaif.  Mr. 
W.  ( ).  AVallace  has  collected  a  good  series  of  fishes  in  Wabish  county. 
Messrs.  Kirsch  and  Beeson  on  behalf  of  the  U.  S.  Fish  Commission  have 
explored  the  Eel  river  along  its  entire  length  and  made  collections  in 
various  points  of  the  Maumee  basin. 

Offers  of  assistance  and  co-operation  have  been  received  from  various 
persons  over  the  state  who  have  not  yet  given  any  concrete  assistance. 

It  is  the  intention  of  the  director  of  the  Zoological  Survey  to  establish 
stations  at  various  places  in  the  state  during  successive  summers  to  study 
the  fauna  in  situ.  The  work  during  the  coming  summer  will  either  be  ex- 
plorations along  the  Ohio  river  or  on  one  of  the  lakes  of  northern  Indiana. 
Next  to  the  distribution  of  Indiana  organisms  their  correlation  in  different 
localities,  their  geographical  variations,  migrations  and  breeding  habits 
seem  to  be  questions  which  should  be  studied. 

The  position  and  general  features  of  Indiana  are  such  that  not  a  single 
animal  need  be  expected  to  be  restricted  within  its  geographical  bounda- 
ries. The  same  may  be  said  of  the  four  states  surrounding  it.  Nor  would 
they  with  Indiana  form  a  geographical  unit.  For  these  reasons  it  seems 
to  me  that  the  advantages  of  co-operation  with  neighboring  states  may  be 
overestimated.  If  the  survey  is  to  be  restricted  by  geographical  bounda- 
ries, the  boundaries  of  Indiana  will  do  about  as  well  as  the  boundaries  of 
the  states  surrounding  us.  While  too  great  value  can  not  be  placed  on  the 
thorough  exploration  of  neighboring  states  and  of  the  states  bordering 
on  them  for  purposes  of  comparison,  our  best  efforts,  must  for  economic 
reasons,  be  devoted  to  our  own  bailiwick. 

This  leads  me  to  say  a  word  in  favor  of  county  surveys.  The  same  in- 
terests that  bind  us  together  to  conduct  a  survey  of  the  state  unite  the 
teachers  and  others  of  the  same  county  and  through  this  common  inter- 
est county  surveys  may  be  established  and  the  sur\*ey  of  the  state 
furthered.  I  am  well  aware  that  animals  and  plants  do  not  respect  county 
lines,  but  neither  do  they  state  lines.  I  would  urge  the  formation  of 
county  science  associations  whose  sole  purpose  it  shall  be  to  make  a 
careful  survey  of  the  respective  counties.  Wabash  county  has  such  an 
association,  and  judging  the  work  of  this  association  from  the  part  that  has 
passed  through  my  hands,  this  association  may  well  form  a  model  for  other 
counties. 
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Teachers  and  others  of  this  county  formed  an  association  similar  to 
that  of  the  Academy  of  Sciences.  Some  one  interested  in  a  particular 
branch  was  made  curator  of  that  branch  and  all  specimens  referred  to 
him.  As  a  result  we  haye  a  very  fair  collection  of  the  fishes  of  this 
county  with  exact  locality  labels,  a  complete  set  of  the  birds,  including 
several  not  known  to  occur  elswhere  in  the  state,  {Dendraca  kirtlandi) 
and  a  similar  list  of  the  plants.  Work  as  well  done  as  this  in  every 
county  of  the  state  would  rapidly  advance  our  knowledge  of  the  habits 
and  distribution  of  the  organisms  in  the  state. 

Those  counties  in  which  academies,  colleges  or  universities  are  situa- 
ted ought  to  lead  in  this  respect.  It  is  certainly  the  duty  of  the  biologi- 
cal departments  of  such  institutions  to  make  a  survey  of  the  surrounding 
country  and  display  its  fauna  and  flora.  While  I  deprecate  the  miacellan- 
eous  collections  of  odds  and  ends  from  nowhere  and  the  ends  of  the  world, 
a  systematic  collection  of  the  organisms  displayed  with  proper  labels 
showing  the  geographical  distribution  would  have  a  definite,  scientific 
and  educational  value.  The  data  for  the  geographical  distribution  of  In- 
diana animals  will  be  furnished  in  the  reports  of  the  survey. 


BIBIiIOQBAFHY  OF  INDIANA  FISHES. 

Indiana  has  had  more  than  her  share  of  American  Ichthyologists ;  in 
fact,  she  has  harbored  at  one  time  or  another  nearly  as  many  as  all  the 
other  states  put  together. 

These  have  come  in  two  widely  separate  periods.  Rafinesque,  the 
author  of  the  Ichthyologia  ( )hienHis,  and  Le  Sueur,  both  of  whom  were  for 
a  time  at  New  Harmony,  published  between  1814  and  1820.  While  works 
of  a  general  nature  had  an  indirect  bearing  on  the  fishes  of  Indiana, 
nothing  appeared  on  the  fishea  of  Indiana  between  1820  and  1875.  All 
the  more  recent  work  has  been  due  to  the  presence  in  Indiana  of  David 
Starr  Jordan.  It  may  be  noted  here  that  Jordan's  first  Ichthyological 
venture  was  the  publication  of  a  description  of  the  Sisco  of  Lake  Tippe- 
(^anoe,  in  1875,  and  his  last  Indiana  efibrt  the  description  of  a  new  fish 
from  the  Tippecanoe  river,  181H). 

About  Jordan  there  arose  a  group  of  his  pupils,  all  of  whom  have  added 
something  to  the  knowledge  of  the  fishes  of  the  state. 

The  names  of  these  which  owed  their  inspiration  directly  or  indirectly 
to  Jordan  are  Copeland,  Bray  ton,  Gilbert,  Hay,  McKay,  Rosa  Smith 
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Swain,  Evermann,  Eigenmann,    For  dice,    Blatchley,  Jenkins,  Bollman 
Kirsch,  Shannon  and  Woolman. 

The  following  is  a  list  of  the  papers  which  have  appeared : 
1814.    Raflnesque,  Constantine  Samuel.      ''Precis  des  decouvertefB 

Somiologique.'' 
1&17.    First  decade  of  new  North  American  fishes.    Am.  Monthly 

Mag.  and  Crit.  Review,  Dec. 

1817.  Le  Sueur,  Charles  A.  A  new  genus  of  fishes,  of  the  order  ab- 
dominales  proposed,  under  the  name  of  Catostomus ;  and  the  characters 
of  this  genus,  with  those  of  its  species,  indicated.  Journ.  of  the  Acad. 
Nat.  Sci.  Philad.  I,  1817,  pp.  88-%  and  102-111. 

1818.  Raflnesque.    Description  of  two  new  genera  of  North  Am.  fishes. 
Am.  Monthly  Magazine,  etc.  Jan.  1818. 

Second  decade  of  new  North  American  fishes,  1.  e.  Jan.  1818. 

Discoveries  in  Natural  History  made  during  a  journey  through 

the  western  region  of  the  United  State  by  Constantine  Samuel  Rafin- 
esque.    Am.  Monthly  Magazine,  etc.,  Sept.  1818.    Dated  Falls  of  Ohio, 

20th  July,  ISl.S. 

1S18.    Le  Sueur.    In  Trans.  Am.  Philos.  Soc.  I.,  :«8. 

1818.  Raflnesque.  Further  discoveries  in  Natural  History,  made  dar- 
ing a  journey  through  the  western  region  of  the  United  States,  by  Con- 
stantine Samuel  Rafinesque.    Am.  Monthly  Magazine,  etc.,  Oct.  1818. 

Further  account  of  discoveries  in  Natural  History  in  the  west- 
ern states  by  Constantine  Samuel  Rafinesque.   1.  c,  Oct.  1818. 

Description  of  three  new  genera  of  fluviatile  fish,  Pomoxis,  Sar- 


chirus,  and  Exoglossum.    Journ.  Philad.  Acad.  Sc.,  Nov.  1818. 
18l9.    Le  Sueur.    De  Quelques  Poissons  decouverts  dans  les  Sacs  de  Haute 
Canada.    Mem.  Mus.  v. 

1819.  Raflnesque.  Prodrome  de  70  nouveaux  Genres  d'Animaux  de- 
couverts dans  rinterieur  des  Etats-Unis  d'Ameriquedurantrann4el818, 
Journal  de  Physique,  de  Chymie  et  d'Histoire  Naturelle,  June,  1819. 

1819-1820.  Raflnesque.  Ichthyologia  Ohiensis.  Western  Review  and 
Miscellaneous  Magazine,  Dec.  1819-Nov.  1820. 

1820.  Raflnesque.  Description  of  the  Silures  or  Cat-fishes  of  the  river 
Ohio.    Quart.  Journ.  Sci.  Lit.  and  Arts,  Royal  Institution,  London.  1820. 

1840-44.  Kirtland,  Jared  Potter.  Description  of  the  fishes  of  the 
Ohio  river  and  its  tributaries.  Bost.  Journ.  Nat.  Hist.,  vols.  III-V 
1S40-1844. 
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1846.    Storer,  David  HumphreyB.    A  synopsie  of  the  tiehes  of  North 

America.    1840. 
1859-1870.    Qunther,  Albert.    A  catalogue  of  the  fishes  of  the  British 

Museum. 
1 875.    Jordan,  David  S.  The  Sisco  of  Lake  Tippecanoe.  Am.  Nat,  March 

1877,  pp.  1:^3-1:58. 
The  Sisco  of  Lake  Tippecanoe  and  its  relatives.    Sixth  Ann. 

Kept,  of  the  Geol.  Survey  of  Indiana.     1875. 
Synopsis  of.  the  genera  of  fishes  to  be  looked  for  in  Indiana 


1.  c. 
1S7(».    Jordan.    Manual   of    the  vertebrates  of   the  Northern  United 

States,  etc.    1876.    Second  Ed.  1S78.    Third  Ed.  1880.    Fourth  Ed.  1885. 

Fifth  Ed.  188S. 
Concerning  the   fishes   of  the   Ichthyology  Ohiensis.      Bull 

Buffalo  Soc.  Nat.  Hist.,  1870,  pp.  91-f>7. 

1 876.  Jordan  and  Copeland,  Ernest.  Check  list  of  the  fishes  of  the 
fresh  waters  of  North  America.  Bull  Buffalo  Soc.  Nat.  Hist.,  II,  1876, 
pp.  1:^1-164. 

Johnny  Darters.    Amer.  Nat.,  June,  1H76,  pp.  'X\o-'Ml, 

1877.  Jordan  and  Gilbert,  Gharlea  H.  List  of  fishes  of  Indiana. 
Indiana  Farmer,  Jan.  17,  1877. 

1877.  Jordan  and  Gopeland.  The  Sand  Darter.  Amer.  Nat.,  Febru- 
ary, 1877,  pp.  86-88. 

1877.    Jordan.     Review   of  Rafinesque's  Memoirs  on  North  American 
fishes.    Bull.  U.  S.  Nat.  Mus.  10,  1877. 
Contributions  to  North  American  Ichthyology  I. 

Notes  on    CotMVf  EtheostomcUidiVf  Percidx,  Centrarc?nd:r,  Aphod- 

oderidity  Doro9omatidn^  and  Cifprinidir,  with  revisions  of  the  genera  and 
descriptions  of  new  or  little  known  species.    Bull.   V.  S.  Nat.  Mus.  10, 

1877. 
Contribution!  to  North  American  Ichthyology  II. 

Synopsis  of  the  Siluridai  of  the  fresh  waters  of  North  America. 

Bull.  U.  S.  Nat.  Mus.  10,  1877. 

A  partial  synopsis  of  the  fishes  of  upper  Georgia,  with  supple- 
mentary papers  on  fishes  of  Tennessee,  Kentucky  and  Indiana.  Ann. 
N.  Y.  Lye.  Nat.  Hist.  XI,  1877. 

On  the  fishes  of  Northern  Indiana.    Proc.  Acad.  Nat.  Sci.  Phila- 
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THE  FISHES  OF  INDIANA.  > 
By  Carl  H.  Ekjenmaxn  and  Charles  H.Beeson. 

We  have  compiled  a  list  of  the  species  of  fishes  so  far  found  in  Indiana. 
After  the  names,  scientific  and  common,  we  give  a  list  of  all  the  Indiana 
localities  and  authority  for  the  locality.  The  dates  with  the  authority 
taken  with  the  bibliography  of  Indiana  fishes  will  probably  be  sufficient 
to  enable  anyone  to  look  up  any  of  the  citations.  In  a  few  cases  no  date 
is  given  with  the  authority.  This  indicates  that  no  account  has  been 
publisbed  of  the  collections  made.  I.  U.  Coll.  indicates  that  specimens 
from  that  locality  are  in  the  collections  of  the  Indiana  University. 

The  localities  are  arranged  in  the  same  order  observed  in  the  list  of 
streams  which  precedes  the  list  of  fishes.  We  give  only  those  streams  in 
which  collections  have  been  made.  Following  the  name  of  the  stream  we 
give  the  name  and  date  of  the  recorder  for  the  given  stream. 

liiBt  of  liocalities  Explored. 
The  Ohio  Rivkr. 
White  Water  River,  Brookville,  Franklin  county— Evermann,  1886. 
I4iughery  Creek,  Milton,  Ohio  county— Jenkins,  1888. 
Fourteen  Mile  Creek,  Clark  county — Jenkins,  1888. 
Big  Pigeon  Creek,  Kvansville,  Vanderburg  county — Jordan,  1889. 
Cypress  Swamp,  Posey  county — Jordan,  188JK 

The  Wabasit  Rivkk. 

At  Delphi,  Carroll  county — Evermann  and  Jenkins,  1888. 
At  Terre  Haute,  Vigo  county— Jenkins,  1886. 
At  Vincennes,  Knox  county — Jordan,  1889. 
At  New  Harmony,  Posey  county— Jordan,  1889. 
At  Mackey's  Ferry,  Posey  county— Jordan,  1889. 
'-'  Contributions  from  the  Zoological  Department  of  the  Indiana  University.  No.  \K 
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Upper  Waiiash  Basin. 
Blue,  Round,  Shriner  and  Cedar  I^kes,   Whitley  county— Kirach,  18i)4. 
Blue  River,  Columbia  City,  Whitley  county — Jordan,  181)2;  Kirsch,  18<.>4. 
Eel  River,  Logansport,  Cass  county — Jordan,  1891. 
Eel  River,  throughout  its  entire  course — Kirach,  1894. 
Tippecanoe  Lake,  Koaciusko  county. 

Tippecanoe  River— Jordan,  1877;  Evermann  and  Jenkina,  1SS8. 
Lake  Maxinkuckee,  Marshall  county — Jenkina,  1888. 
Deer  Creeks,  Carroll  county — Evermann  and  Jenkins,  1888. 
Wild  Cat  Creek,  Carroll  county — Evermann  and  Jenkins,  1888. 
Honey  Creek,  Howard  county — Evermann  and  Jenkina,  1888. 
Raccoon  Creek,  Parke  county — 1. 1'.  Coll. 
LowEK  WaBAsii  Basin. 

West  Fork  White  River,  Indianapolis — Jordan,  1877. 

Gosport — Eigenmann. 
Spencer — Jordan,  1889. 

Pike  Creek,  Madiaon  county — Shannon. 

Bean  Blossom  Creek,  Monroe  county — Eigenmann  and  Fordice,  188r). 

Eel  River,  Owen  county — Jordan  1889. 

Switz  City  Swamp,  Greene  county— Gilbert,  1884. 
East  Fork  White  River,  Bedford— Gilbert,  1884. 

Blue  River,  Knightstown — I.  U.  Coll. 

Flat  Rock  Creek,  Decatur  county,  and  Rushville— Shannon,  1887 ; 
Rush  county,  Gilbert,  1884. 

Clifty— Shannon,  1887. 

Sand. 

Little  Salt  Creek,  Franklin  county— Evermann  and  Jenkins,  1888. 

Salt  Creek— Gilbert,  1884. 

Clear  Creek — Eigenmann. 

Lost  River,  Orangeville,  Orange  county— Jordan  and  Eigenmann. 
Patoka  River,  Gibson  county — Jordan,  1 889. 
Black  River,  Posey  county — Jordan,  1889. 
(iresham's  Creek,  Posey  county — Jordan,  1889. 
Big  Creek,  Posey  county — Jordan,  1889. 
Thk  Matmee  System, 
Maumee  River — Jordan,  Kirach. 
St.  Joseph's  River — Kirsch. 
St.  Mary's  River — Kirsch. 
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The  Illinois  Basin. 

Kankakee  River,  at  Riverside— Bates,  1886;  Jordan,  1889. 

Yellow  River,  Plymouth,  Marshall  county— Jordan,  1889. 
Lakk  Mk  higan  System. 

Lake,  Michigan  City— Bates,  188<);  Jordan  and  Evermann. 

Turkey  Lake. 

St.  Joseph's  River,  Mishawaka — Jordan,  1889. 

TraU  Creek,  LaPorte  county— Ridgley,  1892. 

Clear  and  Pine  Lakes,  LaPorte  county-  Jordan,  1S87. 

liiat  of  Indiana  FisheB  and  their  Distribution. 

Class  MARSIPOBRANCHII  (The  Myzonts). 
Order  Hyperoartia  (The  Lampreys). 
Family  Petromf/zontidH'. 
Ammocates  hrandiicUis  (L).  Brook  Lamprey,  Mud  Lamprey. 
West  Fork  White  river  at  Indianapolis,  Jordan  1877  as  A,  niger ;  Bean 
Blossom,  Eigenmann  and  Fordice  as  A,  a^ifpteriis. 
Ichthyotnyzon  concolor  (Kirkland). 
Ohio  at  New  Albany,  Jordan ;  Blue  river  at  Wyandotte  Cave,  I.  U.  Coll.; 
Wabash  at  Delphi,  Jenkins  and  Evermann  1888;  at  New  Harmony, 
Jordan  1889;  Indianapolis,  Jordan  1877  as  A,  argentatus. 

Class  PISCES  (The  true  Fishes). 
Order  Sklaciiostomi. 
Family  PolyodonHdx  (The  Paddle-fishes.) 
Polyodon  spathula  (Walbaum).    Spoon-bill  Cat,  Duck-bill  Cat. 
Ohio  at  Rockport,  Eigenmann ;  White  Water  at  Brookville,  Evermann 
1880;   Wabash  at  Delphi,  Evermann  1888;  at  Terre  Haute,  Jenkins 
188() ;  at  New  Harmony,  Jordan  1889 ;  Lake  Manitou,  Eigenmann  and 
Norman  1894;  Indianapolis,  Jordan  1877  as  P,  folium. 

Order  Ciioxdrostei. 
Family  Acipemerid.r  (The  Sturgeons). 
Scaphirhynchns  platyrhynduis  (Raf.).    Shovel  nosed  Sturgeon. 
Ohio,  Rafinesque  ;  Wabash  at  Delphi,  Evermann  1888 ;  at  Terre  Haute, 
Jenkins  188C. 
Acipenser  ruhkiindus  l>e  Sueur.    Lake  Sturgeon,  Rock  Sturgeon. 
Ohio  at  Ix>uisville,  Jordan  and  Evermann  1887 ;  at  Rockport,  Eigen- 
mann ;  at  Terre  Haute,  Jenkins  18S(3 ;  at  New  Harmony,  Jordan  1889  ; 
Lake  Michigan  at  Michigan  City,  Bates  1886. 
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Order  Rhomkocianoidea. 
Family  Lepmi*Uidti  (The  Gar-fishee). 
Lepisofit**un  ossefis  (L).    Common  Gar  Pike,  Long  Nosed  Gar,  Bill-fish. 
Ohio  at  Rockport,  Eigenmann ;  White  Water  at  Brookville,  Evermajin 
1886;  Big  Pigeon  creek  at  Evansville,  Kigenmann ;  Wabash  at  Delphi, 
Evermann  and  Jenkins  188S;  at  Terre  Haute,  Jenkins  1886;  at  New 
Harmony,  Jordan,  188i>;  Blue  river  at  Columbia  City,  Kirsch  1894; 
Tippecanoe  river,  Evermann  and  Jenkins  1888;  Lake  Maxinkackee, 
Jenkins  188S;  Loon,  Big  and  Crooked  lakes,  Kirsch  1894;  Indianapo- 
lis, Jordan  1877;  Goeport,  Eigenmann. 

Lepiw8teu8  platystomw^  Rafinesque.    Short-nosed  Gar-pike. 
•  Wabash  at  Terre  Haute,  Jenkins  1886;   at  Vincennes,  New  Harmony 

and  ^lackey's  Ferry,  Jordan  1889;  Lake  Manitou,  Eigenmann  and 

Norman  1894. 
Lepiiosteus  tmUechm  (Bloch  and  Schneider).    Alligator  Gar. 
Wabash  at  New  Harmony,  Jordan  1889. 

Order  CYcLOiiAXoiDEi. 
Family  AmiidH'  (The  Bow-fins). 
Amia  calva  L.    Bow-fin,  Mud-fish,  Dog-fish. 
Wabash  at  Terre  Haute,  Jenkins  1886 ;    Blue  river,  Eel  river,  and  in 
nearly  all  its  upper  tributaries,  Kirsch   1894;   Lake  Maxinkuckee, 
Jenkins  1888  ;  Switz  City  swamp,  Gilbert  1884. 

Order  rEMATO<iXATiii. 
Family  SHuridiv  (The  Cat-fishes). 
JctcUurus  fnrccUm  (Le  Sueur).    Chuckle-headed  Cat. 

Ohio  river,  Jordan  and  Evermann  1887. 
Ictalurtu punctatus  (Rafinesque).    Channel  Cat,  White  Cat,  Silver  Cat. 
Ohio  river,  Rafinesque ;  White  Water  at  Brookville,  Evermann  188(); 
Laughery  creek  near  Milton,  Jenkins  1888 ;  Big  Pigeon  near  Evansville, 
Jordan  1889 ;  Wabash  at  Delphi,  Jenkins  1888 ;  at  Terre  Haute,  Jenkins 
1886 ;  at  Vincennes,  New^  Harmony  and  Mackey's  Ferry,  Jordan  1889 ; 
Raccoon  creek  at  Mecca,  I.  U.  Coll. ;  West  Fork  White  river  at  Indian- 
apolis, Jordan  1877  ;  at  Gosport,  Eigenmann  ;  at  Spencer,  Jordan,  1889  ; 
East  Fork  White  river  near  Bedford,  Gilbert  1884;    Patoka   river, 
Gibson  county,  Black  river  and  Big  creek,  Jordan  1889. 
Ameiurus  lacustris  (Walbaum).    Great  Cat-fish,  Mississippi  Cat,  Flannel- 
mouthed  Cat. 
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Wabash  at  Delphi,  Evermann  1888,  as  A.  iwjricam;   Lake  Michigan, 
Jordan  and  Evermann  1887,  as  A.  nigricauf. 
Amriurm  natalis  (Le  Sueur).    Yellow  Cat. 

White  Water  at  Brookville,  Evermann  188G;  Laughery  creek  near  Mil- 
ton, Ohio  county,  Jenkins  1888 ;  Lower  AVabash,  Jordan  1877  as  cupretis ; 
Eel  River  basin  in  all  the  lakes,  Kirsch  1894 ;  Tippecanoe  river,  Jordan 
1877  as  cupreuif  and  1889;  Lake  Manitou,  Eigenmann  and  Norman; 
Lake  Maxinkuckee,  Jenkins  1888;  Deer  creeks,  Evermann  and  Jenkins 
1888 ;  West  Fork  White  river  at  Indianapolis,  Jordan  1877  as  cupreus; 
Bean  Blossom,  Eigenmann  and  Fordice  1885;  Flat  Rock  and  Clifty 
creeks,  Decatur  county ;  Flat  Rock  Creek  at  Rushville,  Shannon  1887 ; 
Salt  creek  near  Bedford,  Gilbert  1884  ;  Yellow  river  at  Plymouth,  Jor- 
dan 1889 ;  St.  Joseph's  river,  Jordan  1877  as  cuprens,  and  Clear  and  Pine 
lakes,  La  Porte  county. 
AmeiurtM.  I'ulgariif  (Thompson). 

Ohio,  Wabash,  and  Lake  Michigan,  Jordan  and  Evermann  1887. 
Ameiurtis  nebiiloms  (Jje  Sueur).    Common  Bullhead,  Homed  Pout. 

Wabash  at  Terre  Haute,  Jenkins  1886 ;  Eel  river  and  its  tributary  lakes 
and  streams,  Kirsch  1894 ;  Ti])pecanoe  river,  Jordan  1877 ;  Loon,  Big 
and  Crooked  lakes,  Kirsch  1894 ;  West  Fork  White  river  at  Indian- 
apolis, Jordan  1877 ;  Switz  City  swamp,  Greene  county,  Gilbert  1884 ; 
Tiail  creek,  LaPorte  county,  Ridgley. 
Ameiurus  inelas  (Rafinesque). 

Wabash  at  Terre  Haute,  Jenkins  1886 ;  Tippecanoe  river  and  Lake  Max- 
inkuckee, Jenkins  1888 ;  Deer  creeks,  Evermann  1888;  Raccoon  creek 
at  Mecca,  Parke  county,  I.  U.  Coll. ;  West  Fork  White  river  at  Indian- 
apolis, Jordan  1877  as  xanthocephalus ;  Bean  Blossom  creek,  Eigenmann 
and  Fordice  1885 ;  Eel  river  at  Cataract,  Owen  county,  Jordan  1889 ; 
Switz  City  swamp,  Gilbert  1884;  East  Fork  White  river  and  Salt 
creek  near  Bedford,  Gilbert  1884;  Gresham's  creek  at  New  Harmony, 
Jordan  1889 ;  Trail  creek,  LaPorte  county,  Ridgley. 
Leptops  oliratis  Ratinesque.  Mud  Cat,  Flat-headed  Cat,  Russian  Cat,  Ba- 
shaw, Goujon. 

White  Water  at  Brookville,  Evermann  1886 ;  Laughery  creek  at  Milton, 
Ohio  county,  Jenkins  1888 ;  Big  Pigeon  creek  at  Evans ville,  Jordan  1889 ; 
AV'abash  river  at  Terre  Haute,  Jenkins  1886;  Tippecanoe  river,  Jordan 
1877 ;  West  Fork  White  river  at  Indianapolis,  Jonlan  1877  ;  Bean  Blos- 
som creek,  Eigenmann  and  Fordice  1885 ;  East  Fork  White  river  near 
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Bedford,  Gilbert  1884;  Patoka  river,  Gibson  county,  Jordan  18S9. 
Xtptnniii  ffants  Kafineeque. 

AVhite  AVater  river  at  Brookville,  Evermann  188<> ;  Laughery  creek  at 
Milton,  Ohio  county,  Jenkins  1888;  Wabash  at  Delphi,  Kvermann  and 
Jenkins  1S8S ;  at  Vincennes  and  New  Harmony,  Jordan  1889 ;  Eel  river, 
Twelve  Mile  creek,  Kirsch  Ism;  Deer  and  Little  Deer  creeks  and  Wild 
Cat  creek,  Evermann  and  Jenkins  1888;  West  Fork  White  river  at  Indi- 
anapolis, Jordan  18/7,  and  at  Spencer,  Jordan  1889;  Bean  Blossom 
creek,  Eigenmann  and  Fordice  1885;  P^el  river  at  Cataract,  Owen 
county,  Jordan  18S9 ;  East  Fork  White  river  and  Salt  creek  near  Bed- 
ford, Gilbert  1884 ;  Flat  Rock  creek,  Decatur  county,  Shannon  1887 ; 
Yellow  river  at  Plymouth,  Jordan  1889;  St.  Joseph's  river,  Jordan 
1877;  Clear  and  Pine  lakes,  Jordan  1877. 
Srh  ilheodes  exilis  { Nelson ) . 

Tippecanoe  river,  Jenkins  1888;  Bean  Blossom,  Eigenmann  and  Fordice 
188.3. 
Sihilbeodes  minms  (Jordan). 

Laughery  creek  near  ^Milton,  Ohio  county,  Jenkins  1888;  Fourteen  Mile 
creek,  Clark  county,  Jenkins  1888;  Wabash  at  Delphi,  Evermann 
and  Jenkins  J8.ss;  at  Terre  Haute,  Jenkins  1886;  at  Vincennes  and 
New  Harmony,  Jordan  1889 ;  Ix)wer  Wabash,  Jordan  1877  ;  Eel  river, 
middle  course,  Meredith  creek,  Kirsch  1894;  Tippecanoe  and  Lake 
Maxinkuckee,  Jordan  1889:  Deer  and  Wild  Cat  creeks,  Evermann  and 
Jenkins  1888 ;  West  Fork  White  river,  at  Indianapolis,  Jordan,  1877  ;  at 
Gosport,  Eigenmann ;  at  Spencer,  Jordan,  1889 ;  Bean  Blossom,  Eigen- 
mann and  Fordice  1885 ;  East  Fork  White  river  and  Salt  creek  near 
Bedford,  Gilbert  18S4;  Flat  Rock  creek,  Decatar,  county.  Shannon 
1887;  Clear  creek,  Bloomington,  I.  U.  Coll.;  Patoka  river,  Gibson 
county  Jordan,  1889  ;  Maumee  river,  Jordan  1S77. 
Sckilheodfs  eleuilwrui^  (Jordan). 

Eel  river  middle  course,  Shriner  lake,    Columbia  City,   Kirsch  1894; 
West  Fork  White  river  at  Gosport,  Eigenmann. 
Srhillff'odea  gyi'mvA  (Mitch ill). 

Wabash  at  Delphi,  Evermann  and  Jenkins,  18^8;  Upper  Blue  river, 
Kirsch  1894;  Lake  Maxinkuckee,  Jordan,  1889;  Little  Deer  creek,  Ev- 
ermann and  Jenkins,  1888;  West  Fork  White  river  at  Indianapolis, 
Jordan,  1877  as  miUi<;  Bean  Blossom,  P^igenmann  and  Fordice  1885; 
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Big  creek,  Posey  county,  Jordan  1SSS»;  Kankakee  river  at  Riverside, 
Bates  1886;  Trail  creek  near  Michigan  City,  Ridgley. 
SrhilUodes  notinmns  (Jordan  and  Gilbert). 
Big  Pigeon  creek  at  Kvansville,  Jordan  1880. 

Order  Ple(TOsih)ni)yli  (The  Carp  Fishes). 
Family  CaXonU)nndic  (The  Suckers). 
IciiohvA  cyprinella  (Cuv.  and  Val.)    Common  Buffalo  Fish,  Ked-mouthed 
Buffalo. 
Ohio  at  Louisville,  Jordan  and  Kvermann  18S7;  Wabash  at  Delphi,  Ever- 
mann,  1888;   at  LaFayette,  Jordan  and  Evermann;  at  Terre  Haute, 
Jenkins  1880 ;  at  Mackey's  Ferry,  Jordan,  188U. 
Idiobus  nrniK  (Agassiz).    Razor-backed  Buffalo,  Mongrel  Buffalo. 
Ohio,  Jordan  and  Evermann  1887;  Wabash  at  Delphi,  Evermann  1888; 
Wabash  at  Terre  Haute,  Jenkins  1886. 
Ictiohm  hubalns  (Rafinesque).     Sucker-mouthed  Buffalo,  Small-mouthed 
Buffalo. 
Big  Pigeon  creek  at  Evansville,  Jordan  1s8i);  Wabash  at  Delphi,  Ever- 
mann 1888 ;  at  Terre  Haute,  Jenkins  188() ;  Lower  Wabash,  Jordan 
1877;  and  at  Vincennes,  New  Harmony  and  Mackey's  Ferry,  Jordan 
188**;  Switz  City  swamp,  Greene  county,  (xilbert  1884. 
CarftUnJescarpio  (Rafinesque). 
Ix)wer  Wabash  and  West  Fork  of  White  river  at  Indianapolis,  Jordan 
1877 ;  East  Fork  White  river  near  Bedford,  Gilbert,  1884. 
Carpiodes  difformis  Cope. 
Big  Pigeon  creek  at  Evansville,  Jordan  188i>;  Ix)wer  Wabash,  Jordan 
1877;  at  Terre  Haute,  Jenkins  1886;  at  Vincennes,  New  Harmony  and 
Mackey's  Ferry,  Jordan  1889;  Eel  river  at  Ix)gansport,  Jordan  1889; 
West  Fork  White  river  at  Gosport,  Eigenmann;  East  Fork  White  river. 
Salt  creek,  (lilbert  1884;  Patoka  river,  Gibson  county,  and  Big  creek, 
Posey  county,  Jordan  1889. 
<'arplod€i<  relifer  (Rafinesque).    (iuill-back.  Skim-back,  Carp  Sucker,  River 
Carp. 
White  Water  river  at  Brookville,  Evermann  188'> ;   Laughery  creek  near 
Milton,  Ohio  county,  .Jenkins   18S8;  Wabash  at  Delphi,  Evermann 
and  Jenkins  1888;  at  Terre  Haute,  Jenkins  1886;   Kintner's  creek, 
Wabash  county,  Ulrey ;  Eel  river  at  Logansport,  Kirsch  1894 ;  Tippeca- 
noe, Evermann  and  Jenkins  18S8  ;  West  Fork  White  river  at  Gosport, 
Eigenmann. 
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Cycfepins  flongaius  (Le  8ueur).    Black   Horse,  Gourd-seed   Sucker,  Miss- 
ouri Sucker. 
Ohio,  Jordan  and  Evermann  lsS7  ;  White  Water  at  Brookville,  Evermann 
lS8<i ;  Wabash  at  Terre  Haute,  Jenkins  1SS(J. 
CatoMomus   catostomus    (Forster).     Northern    Sucker,   Lake  Michigan,  No 

authentic  specimens  from  Indiana. 
Catostomus    <vmmermni  Jxictpide,    Common  Sucker,  White  Sucker,  CatoS'' 
toravui  terea  of  Indiana  authors. 
Wabash  at  Delphi,  Evermann  1888 ;  at  Terre  Haute,  Jenkins  1886  ;  Lower 
Wabash,  Jordan  1S77  ;  Eel  river  and  its  tributary  streams,  Round  lake, 
Kirsch  1894;    Hellem's  creek,  Wabash  county,  Ulrey;    Tippecanoe 
river,  Deer  creeks,  Wild  Cat  creek  and  Honey  creek,  Evermann  and 
Jenkins  1888;    Raccoon  creek  at  Mecca,   Parke  county,  L  U.  Coll ; 
West  Fork  White  river  at  Indianapolis,  Jordan  1877;  Bean  Blossom 
creek,  Eigenmann  and  Fordice  LSS.*) ;  East  Fork  White  river  and  Salt 
creek  near  Bedford,  1S84  (Jilbert ;  Flat  Rock  creek  at  Rushville,  Clifty 
creek,  Decatur  county.   Shannon  1887;    Little  Salt  creek,  Franklin 
county,  Evermann  and  Jenkins  l.s.s8;  Clear  creek,  Monroe  county,  I. 
r.  Coll;  Yellow  river  at  Plymouth,  Jordan  1881);  St.  Joseph's  river 
near  Mishawaka,  Jordan  1881). 
CatoMomns  nigricans  Le  Sueur.    Hog  Sucker,  Stone  Roller,  Stone  Lugger, 
Stone   Toter,   Hammer   Head,  Crawl-a-Bottom,  Hog  Molly,    Hog 
Mullet. 
White  W^ater  at  Brookville,  Evermann  lss<>;  Laughery  creek  near  Milton, 
Ohio  county,  Jenkins  188S;  Fourteen  Mile  creek,  Clark  county,  Jenkins 
1888;  Wabash  at  Delphi,  Evermann  and  Jenkins  1888;  at  Terre  Haute, 
Jenkins  188*>;  at  Vincennes,  Jordan  1889;  Eel  river  and  its  tributary 
streams,  Kirsch  1894 ;  Blue  river  at  Columbia  City,  Jordan  1889,  and 
Eel  river  at  Logansport ;  Tippecanoe  river,  Deer  creeks.  Wild  Cat  creek 
and  Honey  creek,  Evermann  and  Jenkins  1888;   West  Fork  White 
river  at  Indianapolis,  Jordan  1877;  at  Spencer,  Jordan  1889;  Bean 
Blossom  creek,  Eigenmann  and  Fordice  18So;   East  Fork  White  river 
and  Salt  creek  near  Bedford,  Gilbert  1884 ;  Flat  Rock  creek,  Decatur 
county,  Clifty  creek,  Decatur  county,  Shannon  1887;  Clear  creek, 
Monroe  county,  I.  V.  Coll.;  Yellow  river  at  Plymouth,  Jordan  1889; 
St.  Joseph's  at  Mishawaka,  Jordan  18s^). 
Efimyzon  mntta  oblongns  iMitchill).    Chub  Sucker,  Sweet  Sucker,  Creek 
•  Fish. 
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Kel  river  and  tributary  streams  below  South  Whitley,  Round  lake, 
Kirsch  18i»4 ;  Lake  Manitou,  Kigenmann  and  Norman ;  Tippecanoe 
river,  Jordan  1H77 ;  Tiittle  Deer  creek  and  Honey  creek,  Evermann 
and  Jenkins  IsSvS ;  West  Fork  White  river  at  Indianapolin,  Jordan 
1S77;  Pipe  creek,  Madison  county,  Shannon;  Switz  City  swamp, 
(ireene  county,  Gilbert  1884 ;  Flat  Rock  creek,  and  Clifty  creek,  De- 
catur county.  Shannon,  1S87 ;  Salt  creek,  Gilbert  1SS4;  Gresham's 
creek  at  New  Harmony,  Jordan  I88II;  Maumee  river,  Jordan  1877; 
Kankakee  river  at  Riverside,  Bates  1880;  Yellow  river  at  Plymouth, 
.lordan  188l>;  St.  Joseph's  river,  Jordan  1877;  Trail  creek,  LaPorte 
county,  Ridgley ;  Clear  and  Pine  lake,  LaPorte  county,  Jordan  1877. 
Mlnytrema  rmhtnojut  (liatinesque).     Striped  Sucker. 

Lower  Wabash,  Jordan  1877;  Wabash  at  New  Harmony  and  Mackey's 
Ferry,  Jordan  1880 ;  Eel  river  and  tributary  streams.  Blue  and  Round 
lakes,  Kirsch  18i»4;  West  Fork  White  river  at  Indianapolis,  Jordan 
1877  ;  Bean  Blossom  creek,  Eigenmann  and  Fordice  18s5  ;  East  Fork 
White  river,  Clifty  creek,  Decatur  county.  Shannon  1887  ;  Gresham's 
creek  at  New  Harmony,  Jordan  18st);  Yellow  river  at  Plymouth, 
Jordan  1881). 
M(f:ivstoma  ayiistu-uyn  (Rafinesque).     White  Nose  Sucker. 

Lower  Wabash,  Jordan  1877  ;   Kentner's  creek,  W^abash  county,  Ulrey ; 
East  Fork  White  river,  Gilbert  18.S4.  as  if.  rrlatuw. 
Mo.iostoma  aureolum*  (Le  Sueur).    Common   Red  Horse,  White  Sucker, 
Mullett. 

White  Water  at  Brookville,  Evermann  1880 ;  Laughery  creek  near 
Milton,  Ohio  county,  and  Fourteen  Mile  creek,  Clark  county,  Jen- 
kins 1S8S;  Big  Pigeon  creek  at  P'vansville,  Jordan  1889;  Wabash  at 
Delphi,  Evermann  and  Jenkins  1888  ;  Wabash  at  Terre  Haute,  Jenkins 
188(>;  Wabash  at  Vincennes  and  New  Harmoy,  Jordan  1S8M;  Lower 
Wabash,  Jordan  1877  ;  Eel  river  at  Logansport,  Jordan  188i* ;  Eel  river 
and  tributary  streams,  Kirsch  1894;  Tippecanoe  river.  Deer  creeks, 
Wild  Cat  and  Honey  creeks,  Evermann  and  Jenkins  1888 ;  West  Fork 
White  river  at  Indianapolis,  Jordan  1877;  at  Gosport,  Eigenmann; 
Pipe  creek,  Madison  county.  Shannon  1887;  Bean  Blossom,  Eigen- 
mann and  Fordice  1885 ;  East  Fork  White  river  and  Salt  creek  near 
liedford,  Gilbert  1S84 ;  Flat  Rock  and  Clifty  creeks,  Decatur  county. 
Shannon  1S,S7  ;  Clear  creek  at  Bloomington,  1.  V.  Coll:  Patoka  river. 
This  species  has  usually  been  recorded  as  M.  dn'inesiiii.  ' 


<rlb8on  county,  Jordan  18S9;    Maume.e,  Jordan  1S77  ;   Yellow  river  at 
Plymouth,  Jordan  ISSO. 
Moxostoma  firerirepa  (Cope). 

Ohio  river,  (Gilbert;  Deer  creek  near  Camden,  Evermann  1S88;  West 
Fork  White  river  at  Spencer,  Jordan  1889. 
Piacojiharf/nx  dntjuesnil  (Le  Sueur). 

Wabash  at  Delphi  and  Terre  Haute,  Evermann  1888;  Lower  Wabaah, 
Jordan  1877;  Tippecanoe  river,  Evermann  1888. 
Lagochila  laara  Jordan  and  Brayton.      Hare-lip  Sucker,   Kabbit-mouth 
Sucker,  Pea-lip  Sucker,  Cut-lips,  Split-mouth. 
Tippecanoe  river  west  of  Delphi,  Evermann  and  Jenkins  1888. 

Family  Cyprlnid.r  (The  Minnows). 
Compostoma  atwmalam  (Kafinesque).    Stone  Lugger,  Stone  Roller. 
White  Water  at  Brookville,  Evermann  1886;  Laughery  creek  near  Milton, 
Ohio  county,  and  Fourteen  Mile  creek,  Clark  county,  Jenkins  1888 ; 
AVabash  at  Delphi,  Evermann  and  Jenkins  1888;  at  Terre  Haute,  Jen- 
kins 1886;  Blue  river  at  Columbia  City  and  Eel  river  at  Logansport, 
Jordan,  1881);   Eel  river  and  tributary  streams,  Kirsch  1894;  Tippe- 
canoe river,  Jordan  1877;  Tippecanoe  river,  Deer  creeks.  Wild  Cat  and 
Honey  creeks,  Evermann  and  Jenkins  1888 ;  West  Fork  White  river  at 
Indianapolis,  Jordan  1877;  at  Spencer,  Jordan  1889;  Bean  Blossom, 
Eigenmann  and  Fordice  1885 ;  Eel  river  at  Cataract,  Owen  county,  Jor- 
dan 1889;  East  Fork  White  river  and  Salt  creek  near  Bedford,  Gilbert 
18S4 ;  Flat  Rock  creek  at  Rushville,  and  Clifty  creek,  Decatur  county, 
Shannon  1887,  Clear  creek  ^lonroe  county,  I.  T.  Coll.;  Gresham's  creek  at 
New  Harmony,  Jordan  1 889 ;  Maumee  river,  Jordan  1877 ;  Yellow  river  at 
Plymouth,  Jordan  18S9;  St.  Joseph's  river,  at  Mishdwaka,  Jordan  1889 
Chro90inu.<  frylhrogasier  Rafinesque.    Red-bellied  Minnow. 
Weasaw  creek  near  Denver,  Ind.,  Kirsch  18m;  Honey  creek,  Howard 
county,  Evermann  and  Jenkins  1888;  AVest  Fork  White  river  at  Indi- 
anapolis, Jordan  1877;  Bean  Blossom,  Eigenmann  and  Fordice  1885 ; 
Clifty  creek,  Decatur  county.  Shannon  1887 ;  Blue  river  at  Knightstown, 
I.  r.  Coll.;  Little  Salt  creek  Franklin  county,  Evermann  and  Jenkins 
188S ;  Salt  creek  near  Bedford,  Gilbert  1884 ;  Clear  creek  Monroe  county, 
I.  U.  Coll. 
Hyhognathiis  nuchal i^  Agassiz. 
Big  Pigeon  creek  at  P>ansville,  Jordan  1S89;  Wabash  at  Delphi,  Ever- 
mann and  Jenkins  1888;  at  Terre  Haute,  Jenkins  1886;  at  New  Har- 


inony  and  Mackey^s  Ferry,  Jordan  18S9;  Lower  Wabash,  Jordan  1877. 
as  argyriiii;  Eel  river  at  Logansport,  Kirsch  1894;  Wild  Cat  and  Little 
Deer  creek,  Evermann  and  Jenkins  1888;  West  Fork  White  river  at 
Indianapolis,  Jordan  1877  as  argyritU;  at  (Tosport,  Eigenmann;  Bean 
Blossom,  Eigenmann  and  Fordice  1885;  Little  Salt  creek  Franklin 
county,  Evermann  and  Jenkins  188S ;  Big  creek  Posey  county,  Jordan 
1889. 

PiinepJiales  promelm  Kafinesque. 
White  Water  at  Brookville,  Evermann  188i>. 

PimfpJidLes  noiatns  (Kafinesque). 
White  Water  at  Brookville,  Evermann  188() ;  Laughery  creek  near  Mil- 
ton, Ohio  county,  and  Fourteen  Mile  creek,  Clark  county,  Jenkins 
1888 ;  Wabash  at  l^^elphi,  Evermann  and  Jenkins  1888 ;  at  Terre  Haute, 
Jenkins  1886 ;  Lower  Wabash,  Jordan  1S77,  and  at  Vincennes  and  New 
Harmony  1S89 ;  Eel  river  and  its  tributary  streams  and  lakes  except 
Hull  and  Blue  lakes,  Kirsch  1894,  and  Logansport,  Jordan  1889 ;  Tippe- 
canoe river,  Jordan  1877  ;  Loon  lake  and  Big  lake,  Kirsch  1894;  Lake 
Manitou,  Eigenmann  and  Norman ;  Tippecanoe  river,  Deer  creeks, 
Wild  Cat  and  Honey  creeks,  Evermann  and  Jenkins  1888;  Lake- 
Maxinkuckee,  Jenkins  188S ;  Raccoon  creek  at  Mecca,  Parke  county, 
I.  U.  Coll.;  West  Fork  White  river  at  Indianapolis,  Jordan  1877;  at 
Gosport,  Eigenmann;  Pipe  creek,  Decatur  county,  Shannon  1887;  East 
Fork  White  river  and  Salt  creek  near  Bedford,  Gilbert  1884;  Blue 
river  at  Knightatown,  I.  U.  Coll. ;  Flat  Rock  creek  at  Rushville,  Shan- 
non 1887;  Clear  creek,  Monroe  county,  I.  U.  Coll.;  Lost  river  at 
Orangeville,  1.  V.  Coll.;  Patoka  river,  Gibson  county,  Gresham's  and 
Big  creeks,  Posey  county,  Jordan  1 889 ;  Yellow  river  at  Plymouth,  Jor- 
dan 1889 :  Kankakee,  Jordan  1877  ;  St.  Joseph's,  Jordan  1S77 ;  at  Misha- 
waka,  Jordan  18S9;  Clear  and  Pine  lakes,  La  Porte  county,  Jordan 
^  1 8  /  < . 

Cliola  v'ujilax  f  Baird  and  Girard).  Bull-head  Minnow. 
Wabash  at  Delphi,  Evermann  and  Jenkins  1 8S8 ;  at  Terre  Haute,  Jen- 
kins 188(i ;  at  Vincennes,  New  Harmony  an«l  Mackey's  Ferry,  Jordan 
1S89;  Raccoon  crfek  at  Mecca,  I.  IT.  Coll.;  West  Fork  White  river  at 
Gosport,  Eigenmann:  East  Fork  White  river  near  Bedford,  Gilbert 
1884  as  Hijpargiirm  tnditanns;  Black  creek  at  New  Harmony,  Jordan 
1SS9:  Big  creek,  Posey  county,  Jordan  18S'.>. 


Notropis  catfuga  Meek. 

Kound  and  Shriner  lakes ;  Ix>on  lake,  Kirsch  1894. 
Notropis  anogenus  Forbes. 

Blue  lake  and  Blue  river,  Whitley  county,  Kirsch  1894. 
Notwpi)*  heterodon  Cope. 

Wabash  at  Vincennes,  Jordan  1S89;  Round,  Cedar  and  Shriner  lakes, 
Whitley  county,  Kirsch  ISm;  Tippecanoe  river,  Jordan  1877;  Loon 
lake,  Kirsch  1894 ;  Lake  Maxinkuckee,  Scovell ;  Switz  City  swamp, 
Greene  county,  Gilbert  1884;  Yellow  river  at  Plymouth,  Jordan  1889; 
Kankakee  at  Riverside,  Bates  1886;  Trail  creek,  LaPorte  county, 
Ridgley. 
Xotropis  microstomus  Rafinesque. 

White  Water  at  Brookville,  Evermann  ISiSO  as  ikficiosus;  Wabash  at 
•  Delphi,  Evermann  and  Jenkins  1888  as  deliciosnSy  at  New  Harmony, 
Jordan  1889;  Eel  river  at  Logansport,  Jordan  1889;  Eel  river  from 
South  Whitley  to  its  mouth,  Kirsch  1894 ;  Tippecanoe,  Evermann  and 
Jenkins  1888  as  ddiciosus;  West  Fork  White  river  at  Indianapolis, 
Jordan  1877  as  straminrus :  at  (iosport,  Eigenmann  at  Spencer,  Jordan 
1889;  East  Fork  White  river  near  Bedford,  Gilbert  1884  aa  <i«/ido«//^  ; 
Yellow  river  at  Plymouth,  Jordan  1889;  Kankakee,  Jordan  1877  as 
%iram\nen»;  at  Riverside,  Bates  1880 ;  St.  Joseph's  at  Mishawaka,  Jordan 
1889. 
Nofropi)*  hoops  Gilbert. 

Wabash  at  Delphi,  Evermann  18S8;  West  Fork  White  river  at  Indian- 
apolis, Jordan  1877  as  E.  s^cabrictjts  not  of  Cope;  East  Fork  White 
river,  Clifty  and  Flat  Rock  creeks,  Decatur  county.  Shannon  18S7; 
Flat  Rock  creek,  Rush  county,  and  Salt  creek,  Brown  county,  {Gil- 
bert 18S4. 
Notropis  hf((ti*onius  (Clinton).    Spawn-eater,  Smelt. 
Kankakee  at  Riverside,  and  Lake  Michigan  at  Michigan  City,  Bates 
1S8();  Clear  and  Pine  lakes,  LaPorte  county,  Jordan  1877  as  H.  Moreria- 
nu8. 
Notropis  o'hipplf'i  Ctirard.    Silver-Fin. 
Laughery  creek  near  Milton,  Ohio  county,  and  Fourteen  Mile  creek, 
Clark  county,  Jenkins  1888;  Big  Pigeon  creek  at  Evansville,  Jordan 
18S9;    Wabash   at  Delphi,   Evermann  and    Jenkins   1888;   at  Terre 
Haute,  Jenkins  188«');  at  Vincennes,  New   Harmony  and  Mackey's 
Ferry,  Jordan  18s^>;  Lower  Wabash,  Jordan  1877  as    C.  awiloifona ; 


Kentner's  creek,  Wabaah  county,  Vlrey ;  Eel  river  at  Logansport,  Jor- 
dan ISS^) ;  from  Liberty  Mills  to  its  mouth  and  in  all  the  tributaries, 
Kirsch  18f^;  Lake  Manitou,  Eigenmann  and  Norman;  Tippecanoe 
river,  Jordan  1877  as  C.  analf^tona;  Deer  creeks,  Wild  Cat  creek,  Ever- 
mann  and  Jenkins,  1S88 ;  West  Fork  White  river  at  Indianapolis,  Jor- 
dan 1877  as  C.  analostona ;  at  Gosport,  Eigenmann ;  at  Spencer,  Jordan 
1889 ;  Bean  Blossom,  Eigenmann  and  Fordice  1885  ;  Eel  river  at  Cat- 
aract, Owen  county,  Jordan,  1889;  East  Fork  White  river  and  Salt 
creek  near  Bedford,  Gilbert  1884  as  N,  analoifUmm ;  Flat  Rock  creek 
and  Clifty  creek,  Decatur  county,  Shannon  1887 ;  Little  Salt  creek, 
Franklin  county,  Evermann  and  Jenkins,  1 888 ;  Clear  creek  at  Bloom- 
ington,  I.  r.  Coll. ;  Patoka  river,  Gibson  county,  Black  river  and  Big 
creek,  Posey  county,  Jordan  1880;  Maumee,  Jordan  1877  as  C.  ana- 
lostona ;  Yellow  river  at  Plymouth,  Jordan  1889. 

Notropis  megalopH  (Rafinesque).    Common  Shiner,  Red- Fin,  Dace. 

White  Water  at  Brookville,  Evermann  1880 ;  Fourteen  Mile  creek,  Clarke 
« county,  Jenkins  18S8;  Big  Pigeon  creek  at  Evansvi lie,  Jordan  1889; 
W^abash  at  Delphi,  Evermann  and  Jenkins  1888;  at  Terre  Haute, 
Jenkins  1886;  at  Vincennes,  New  Harmony,  and  Mackey's  Ferry,  Jordan 
1889 ;  Kentner's  creek,  Wabash  county,  l.'lrey ;  Blue  river  at  Colum- 
bia City,  Jordan  1889 ;  Eel  river  and  all  its  tributary  streams,  Cedar 
lake,  Round  lake,  Kirsch  1894;  at  Logansport,  Jordan  1889;  Tippeca- 
noe, Jordan  1877  as  plumheolus  L.  comutns;  Tippecanoe  river,  Deer 
creeks.  Wild  Cat  and  Honey  creeks,  Evermann  and  Jenkins,  1888  ; 
West  Fork  White  river  at  Indianapolis  as  L.  comuim,  Jordanl877;  at 
Spencer,  Jordan  1889;  IMpe  creek,  Madison  county.  Shannon  1887; 
Bean  Blossom,  Eigenmann  and  Fordice  1885;  Eel  river  at  Cataract, 
Owen  county,  Jordan,  1889;  East  Fork  White  river  and  Salt  creek 
near  Bedford,  Gilbert,  1884 ;  Flat  Rock  creek  at  Rushville,  and  Clifty 
creek,  Decatur  county.  Shannon,  1887 ;  Blue  river  at  Knightstown,  and 
Clear  creek  at  Bloomington,  I.  U.  Coll.;  Patoka  river,  Gibson  county, 
Black  river  and  Big  creek,  Posey  county,  Jordan,  1889;  Maumee,  Jor- 
dan 1877;  Kankakee  river  at  Riverside,  Bates,  1886;  Yellow  river  at 
Plymouth  Jordan's  1889;  St,  Joseph's  river  at  Mishawaka,  Jordan, 
18S9;  Trail  creek,  LaPorte  county,  Ridgley;  Clear  and  Pine  lakes, 
LaPorte  county,  Jordan  1877  as  Z.  cormUns. 

Notropif  jejnnus  (Forbes). 
Kel  river  at  Logansport,  Kirsch  1S94. 


Notr(tpi8  ariom m  us  { Cope ) . 

West  Fork  White  river  at  Indianapolis,  Jordan  1n77;  Raccoon  creek,  at 
Mecca,  I.  V.  Coll. 
Xotropiii  arffni:*  (Cope).     Ked-tin. 

White  Water  at  Brookville,  Evermann  1S.S<) ;  Langhery  creek  at  Milton, 
Ohio  county,  and  Fourteen  Mile  creek,  Clark  county,  Jenkins  ISHS; 
Wabash  at  Delphi,  Evermann  and  Jenkins  188s;  at  Terre  Haute,  Jenkins 
188();  Kentner's  creek,  Wabash  county,  IJlrey ;  Deer  creeks,  Wild  Cat 
and  Honey  creeks,  Evermann  and  Jenkins  1SS8;  Kaccoon  creek,  at 
Mecca,  I.U.  Coll. ;  West  Fork  White  river  at  Indianapolis,  Jordan  1877 
tLB  L.  dipkntius'^  at  Spencer,  Jordan  issi);  Bean  Blossom,  Eigenmann 
and  Fordice  iss.") ;  East  Fork  White  river  and  Salt  creek  near  Bedford, 
Gilbert  1884  as  diplemlus;  Flat  Rock,  at  Rushville,  Clifty  creek,  De- 
catur county.  Shannon  1887;  Blue  river  at  Knighstown,  I.  l'.  Coll.; 
Little  Salt  creek,  Franklin  county,  Evermann  and  Jenkins  1888;  Lost 
river  at  Orangeville;  Clear  creek  at  Bloomin^ton,  I.  V.  Coil. 
Xotropis  (likfrinokhii  ( Rafinesque). 

Fourteen  Mile  creek,  Clark  county,  Jenkins  1888;  Wabash  at  Delphi, 
Evermann  and  Jenkins  188S;  at  Terre  Haute,  Jenkins  1886;  at  Vin- 
cennes  and  New  Harmony,  Jordan  1889  ;  Ix)wer  Wabash,  Jordan  1S77 
as  y.  i-uImIIuk  :  Eel  river  at  Ix)gansport,  Jordan  1889 ;  Tippecanoe  river. 
Big  Deer  creek.  Wild  Cat  creek,  Evermann  and  tfenkins  18S8 ;  Raccoon 
creek,  Mecca,  I.  U.  Coll.;  West  Fork  White  river  at  Indianapolis, 
Jordan  1S77  as  X  rubdlit:<]  at  Cfosport,  Eigenmann  ;  Pipe  creek,  Madi- 
son county;  Flat  Rock  creek  at  Rushville,  Shannon  1887;  Little  Salt 
creek,  Franklin  county,  Evermann  and  Jenkins  1888;  Patoka  river, 
Gibson  county,  Jordan  IssO. 

Notrfjpis  arge  (Cope). 
Eel  river  from  North  Manchester  to  mouth  and  at  Pawpaw,  Flowers  and 
Twelve  Mile  creeks,  Kirsch  1894 ;  Wild  Cat  creek  and  Deer  creek,  Ev- 
ermann and  Jenkins  188s. 
Xotrojth  dVertu.*  iGirard). 
Big  Pigeon  creek  at  Evansville,  Wabash  at  New  Harmony  and  Mackey's 
Ferry,  Jordan  1S89;   Eel  river  from  South  Whitley  to  mouth.  Blue 
river,  Kirsch  1M>4 ;  West  Fork  White  river  at  Indianapolis,  Jordan 
ls77  as  y.dlnfmiis  ;  at  Gosport,  Eigenmann;  Bi^'  creek  and  Gresham's 
creek,  Posey  county,  Jordan  1SS9. 
Notropli*  ruhrifrons  tCope). 
White  Water  at  Brookville,  Evermann  188«>;  Fourteen  Mile  creek,  Clark 
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county,  Jenkins  ISvSs ;  Wabash  at  Delphi,  Evermann  and  Jenkins  ISSS. 
at  Terre  Haute,  Jenkins  lS8t>;  Eel  river  at  Logansport,  Jordan  18S9; 
Tippecanoe  river,  Jordan  1K77;  Tippecanoe  river,  Wild  Cat  creek,  Deer 
creek,  Evermann  and  Jenkins  ISSS ;  West  Fork  White  river  at  Indian- 
apolis, Jordan  1S77 ;  at  Gosport,  Eigenmann ;  East  Fork  White  river 
near  Bedford,  Gilbert  18S4;  Clifty  and  Flat  Rock  creeks,  Decatur  coun- 
ty, Shannon  1887;  Clear  creek  Bloomington,  I.  U.  Coll.;  Yellow  river 
at  Plymouth,  Jordan  1SS«> ;  St.  Joseph's  at  Mishawaka,  Jordan  1889. 

Ericymha  bnccaia  Cope. 
I^iughery  creek,  near  Milton,  Ohio  county,  Fourteen-mile  creek,  Clark 
county,  Jenkins  IssS;  Wabash  at  Delphi,  Evermann  and  Jenkins 
ISSS ;  at  Terre  Haute,  Jenkins  188<) ;  Kentner*s  creek,  Wabash  county, 
rirey;  E^l  river  in  its  lower  six  miles.  Twelve-mile  creek,  Kirsch 
1894 ;  Tippecanoe  river,  Deer  creek.  Wild  Cat  and  Honey  creeks,  Ever- 
mann and  Jenkins  1SS8;  Raccoon  creek  at  Mecca,  I.  U.  Coll.;  West 
Fork  White  river  at  Indianapolis,  Jordan  1S77 ;  at  Gosport,  Eigen- 
mann  ;  at  Spencer,  Jordan  1SS9 ;  Pipe  creek,  Madison  county.  Shan- 
non 18S7 ;  East  Fork  White  river  and  Salt  creek,  near  Bedford,  Gil- 
bert, 1^4;  Flat  Rock  creek  at  Rushville;  Flat  Rock  creek  and  Clifty 
creek,  Decatur  county.  Shannon  1887 ;  Blue  river  at  Knightstown,  I. 
U.  Coll. ;  Little  Salt  creek,  Franklin  county,  Evermann  and  Jenk- 
ins 1888;  Clear  creek  at  Bloomington,  I.  U.  Coll.;  Gresham's  creek 
at  New  Harmony,  Jordan  ISS9. 

lihhiichthys  aironams  (Mitchill). 
Kintner's  creek,  Wabash  county,  Ulrey ;  Little  Weasaw  creek  near  Den- 
ver, Cunningham  ;  Honey  creek,  Evermann  and  Jenkins  1888 ;  West 
Fork  White  river  at  Indianapolis,  Jordan  1877  as  oh(nms;  Bean  Blos- 
som creek,  Eigenmann  and  Fordice  18.S5;  East  Fork  near  Bedford, 
Gilbert  1SS4  ;  Clifty  and  Flat  Rock  creeks,  Decatur  county.  Flat  Rock 
creek  at  Rushville,  Shannon  1887;  Little  Salt  creek,  Franklin  county, 
Evermann  and  Jenkins  ISSS;  Clear  creek,  Bloomington,  I.  V.  (k)ll. ; 
Kankakee  river,  Jordan  1S77. 

Ifijhopsig  (lltitfitniliy  (Kirtland). 
Wubash  at  Delphi,  Evermann  and  Jenkins  ISSn;  at  Vincennes  and  New 
Harmony,  Jordan  18S*.»;   Tippecanoe  river,  Evermann  and  Jenkins 
ISSS;  West  Fork  White  river,  at  Indianapolis,  Jordan  1877;  at  Gos- 
port, Eigenmann  ;  at  Spencer,  Jordan  1SS9. 
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Ht/bopsis  amhlopB  (Kafineeque). 

VVabash  at  Delphi,  Evermann  and  Jenkins  18ss ;  Kentner's  creek,  Wa- 
bash county,  rirey;  Eel  river  at  Ix)gansport,  Jordan  1.sk9;  lower 
coarse  of  Eel  river  and  tributaries ;  Cedar  and  Shriner  lakes,  Kirsch 
ISiU ;  Tippecanoe  river  and  Deer  and  Wild  Cat  creeks,  Evermann  and 
Jenkins  1S88 ;  West  Fork  White  river  at  Indiapolis,  Jordan  1877 ;  at 
(iosport,  Eigenmann ;  Pipe  creek,  Madison  county,  Shannon  1887; 
Bean  Blossom  creek,  Pjgenmann  and  Fordice  1885;  East  Fork  and 
Salt  creek  near  Bedford,  Gilbert  1884;  Flat  Rock,  Decatur  county. 
Shannon  ;  Trail  creek,  Ia  Porte  county,  Ridgley. 

Hyhopi^h  stpmiannx  (Kirtland). 

Wabash  at  Vincennes,  New  Harmony  and  Mackey's  Ferry,  Jordan  1889  J 
Eel  river  at  Logansport,  Kirsch  18l»4 ;  West  Fork  White  river  at  (fos- 
port,  Eigenmann ;  at  Spencer;  Big  Creek  Posey  county,  Jordan  188i». 

Hijtiopm  wataitgn  Jordan  and  Evermann. 
Wabash  at  Terre  Haute,  Jenkins  188^> ;  P^el  river  at  Logansport,  Kirsch 
1804;  Tippecanoe  river,  Jordan  1889. 

Jlybopm  kenlnckiemi^  (liafinesque).  Horny  Head,  Kiver  Chub,  Jerker. 
White  Water  river  at  Brookville,  l^vermann  188<>;  Wabash  river  at  Del- 
phi, Evermann  and  Jenkins  1888;  Kentner's  creek,  Wabash  county, 
Ulrey ;  Blue  river  at  Columbia  City  and  Eel  river  at  Logansport,  Jordan 
188t» ;  whole  of  Eel  river,  Kirsch  1894 ;  Lake  Manitou,  Eigenmann  and 
Xorman;  Tippecanoe  river,  Jordan  1877  as  N.  higiittaim*:  Tippecanoe 
river.  Deer  creeks.  Wild  Cat  and  Honey  creeks,  Evermann  and  Jenkins 
1888 ;  West  Fork  White  river  at  Indianapolis,  Jordan  1877  as  X  hiyut- 
tatn$;  at  Spencer,  Jordan  188J»;  Pipe  creek  Madison  county,  Shannon 
1887  ;  Bean  Blossom,  Eigenmann  and  Fordice  1885 ;  Eel  river  at  Catar- 
act, Owen  county,  Jordan  1 889;  Vjist  Fork  White  river  near  Bedford,  Gil- 
bert 1884  as  .V.  hignttatns ;  Flat  Rock  at  Rushville,  Flat  Hock  creek  and 
Clifty  creek  Decatur  county.  Shannon  1887;  Maumee  river;  Kankakee 
river,  Jordan  1877  as  N.  hlgnttatu8 :  Yellow  river  at  Plymouth,  Jordan 
1889 ;  St.  Joseph's  river  at  Mishawaka,  Jordan  188i»  and  1877  as  X.  higut- 
fnfus;  Lake  Michigan  at  Michigan  City,  Bates  188<>;  Clear  and  Pine 
lakes,  Jordan  1877  as  ^V.  hlgnttains. 

Ifuhopni.'<  hi/oHtomus  ( rilbert. 
Wabash  at  Delphi,  Evermann  and  Jenkins  isss;  at  Vincennes  and  New 
Harmony,  Jordan  ISS9;   I^el  river  at  Ix)gansport,  Kirsch  1894*;  West 
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Fork  White  river  at  (iosport,  Eigenmann ;  East  Fork  White  river  near 
Bedford,  Gilbert  1S84. 

Seutotihis  atromacn lotus  (Mitchill).  Horned  Dace,  Creek  Chub. 
Laughery  creek  near  Milton,  Ohio  county,  and  Fourteen  Mile  creek,  Clark 
county,  Jenkins  18S8 ;  Wabash  at  Delphi,  Evermann  and  Jenkins  18S8 ; 
at  Terre  Haute,  Jenkins  1880 ;  Kentner'sc  reek,  Wabai^h  county,  Ulrey; 
Eel  river  and  its  tributaries,  Kirsch  1894;  Tippecanoe  river,  Jordan 
1877  iis  S,  corjwralix;  Deer  creeks  and  Honey  creek,  Evermann  and 
Jenkins  1888;  J.ake  Maxinkuckee,  Jenkins  1H88;  Raccoon  creek  at 
Mecca,  I.  V.  Coll.;  West  Fork  White  river  at  Indianapolis,  Jordan  1877 
as  S,  corporalis;  Bean  Blossom  creek,  Eigenmann  and  Fordice  1885 ;  Eel 
river  at  Cataract,  Owen  county,  Jordan  188^>;  East  Fork  White  river 
near  Bedford,  Gilbert  1884 ;  Flat  Rock  creek  Rushville  and  Clifty  creek 
Decatur  county,  Shannon  18K7;  Blue  river  at  Knightstown,  I.  U.  Coll.; 
Little  Salt  creek  Franklin  county,  P^vermann  and  Jenkins  1888 ;  Clear 
creek  at  Bloomington,  I.  U.  Coll.;  Gresham's  creek  at  New  Harmony, 
Jordan  1889 ;  Maumee,  Jordan  1S77  as  corporalis ;  Kankakee  river,  Jor- 
dan 1877  as  S.  corporal  is ;  St.  Joseph's,  Jordan  1877  as  S.  corporodlx :  St. 
Joseph's  river  at  Mishawaka,  Jordan  1889 ;  Trail  creek,  LaPorte  county, 
Ridgley. 

Pho.iinti8  elongatus  Kirtland. 
Penn.  to  Minn.    No  authentic  specimens  from  Indiana. 

OpbapaXHitUf  aniliiv  Hay. 
Wabash  at  New  Harmony  and  Mackey's  Ferry  and  Big  Creek  and  Cy- 
press swamp,  Posey  county,  Jordan  1S89. 

yoiemigonus  chrtfsoUucus  (Mitchill.) 
White  Water  at  Brookville,  Evermann  1 886 ;  Wabash  at  Terre  Haute, 
Jenkins  188(>;  at  New  Harmony  and  Mackey's  Ferry,  Jordan  188*.*; 
Lower  Wabash,  Jordan  1877  as  iV.  arnericanns ;  Hellem's  creek,  Wabash 
county,  Ulrey ;  Blue  river,  Blue  lake ;  Eel  river.  Blue  Babe  and  Mud 
creeks,  Kirsch  1S94;  Tippecanoe  river,  Jordan  1877  as  N.  americanw; 
Deer  creek,  Evermann  and  Jenkins  1888 ;  Raccoon  creek  at  Mecca,  I. 
r.  Coll. ;  West  Fork  White  river  at  Indianapolis,  Jordan  ls77  as  N. 
americdnm ;  Pipe  creek,  Decatur  county.  Shannon  1887;  East  Fork 
White  River,  near  Bedford,  Gilbert  1884 ;  Flat  Rock  creek  at  Rush- 
ville,  Shannon  18S7;  (rresham's  and  Big  creeks,  Posey  county,  Jor- 
ilan  1S89;  Maumee,  Jordan   1877  as  N.  americanm ;  Kankakee  river, 


Jordan  1S77  as  N.  americanittf :    at  Riverside,  Bates  188H ;  Clear  and 
Pine  lakes,  La  Porte  county,  Jordan  as  N,  amnicann^. 

Order  Isospondyli  (The  Salmon  Herring  &c.). 
Family  Hiodontid:!  (The  Moon-eyes). 
niodon  alosffidi'8  (Rafineeque). 
Wabash  at  Terre  Haute,  Jenkins  ISSli;  at  Xew  Harmony,  Jordan  1889; 
West  Fork  White  river  at  Gosport,  Eigenmann. 
Ifimhm  tergisna  Le  Sueur.    Moon-eye,  Silver  Bass,  Toothed  Herring. 
Tippecanoe  river,  Evermann  ls88:  Switz  City  swamp,  Greene  county, 
Gilbert  1884. 

Family  Cbqteid:c  (The  Herrings). 
Chi  pea  ohrysochloris  Rafinesque.    Skip- jack. 
Big  Pigeon  creek  at  Evansville,  Jordan  1889 ;   Wabash  at  Delphi,  Ever- 
mann and  Jenkins  1888;  at  Mackey's  Ferry,  Jordan  1889. 
Dorof^oina  cepedianvm  (Le  Sueur).    Gizzard  Shad,  Hickory  Shad,  Mud  Shad, 
W^hite-eyed  Shad,  Hairy-back. 
Laughery  creek  near  Milton,  Ohio  county,  Jenkins  1888,  and  Fourteen 
•    Mile  creek,  Clark  county ;  Blue  river  Wyandotte  .Cave,  I.  U.  Coll.;  Big 
Pigeon  cre(*k  at  Evansville,  Jordan  1889 ;  Wabash  at  Delphi,  Evermann 
and  Jenkins  1S88;  at  Terre  Haute,  Jenkins  18vS6 ;  at  New  Harmony  and 
Mackey's  Ferry,  Jordan  18S9  :  Lower  Wabash,  Jordan  1877 ;  Eel  river 
at  Ix>gansport,  Kirsch  1S94;  West  Fork  White  river  at  Grosport,  Eigen- 
mann ;  Patoka  river,  Gibson  county,  Jordan,  1889. 

Family  Sahnonid.r  (The  W^hite  Fishes  and  Trout). 
Corrtjonm  quidrilaUralU  Richardson.    Round-fish,  Pilot-fish,  Shad-waiter, 
Menomonee  White-fish. 
Lake  Michigan,  Jordan  and  Evermann  1887. 
Coregrmus  dupeiforum  (Mitchili).    Common  White-fish. 

Lake  Michigan,  Jordan  and  Evermann  1887. 
Corrgonns  lahradoricus  Richardson.    Sault  White-fish, Musquaw  river  White 
fish,  *'Whiting." 
Lake  Michigan,  Jordan  and  Evermann  1S87. 
Cnregomis  houi  (Gill).     Lake  Mooneye,  Cisco  of  Lake  Michigan. 

Lake  Michigan,  Jordan  and  Evermann  1887. 
(oregonn.><  arttdi  Le  Sueur.    Lake  Herring,  Cisco  Michigan  Herring. 

Lake  Michigan,  Jordan  and  Evermann  iss7. 
Coregontis  artedi  sisco  Jordan. 
Shriner  and  Cedar  lakes,  W^hitley  county,  Kirsch  1894  ;  Eagle  lake,  Kob- 
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ciusko  county,  and  Lake    Maxinkuckee,  Jordan   1877;    Tippecanoe 
river,  Jordan  1877  ;  Crooked  and  Big  lake,  Kirsch  18JM. 
SalvellnnH  namaycush   (Walbaum).    Great  Lake   Trout,  Mackinaw  Trout, 
Salmon  Trout.    Longe,  Togue. 
I^ke  Michigan,  Jordan  and  Kvermann  1 887. 

Family  Pcrcoprnhv  (The  Trout  Perches). 
Percopxix  gnUotns  Agassiz.    Trout  Perch. 
( )hio  river ;  Lake  Michigan. 

Order  Hai'lomi  (The  Pike-like  Fishes). 

Family  Ambly&psidn  (The  Cave  Fishes). 

AmhhjopiiU  spelufis  (De  Kay).    Blind  Fish  of  the  Mammoth  Cave,  Indiana. 

Jordan. 
Typhlichfhys  mhterraueuti  (Girard). 
Corydon,  I.  V.  Coll. 

Family  Cyprinoilontid.r  (The  Killi-fishes). 

Fnnduhii  diaphanuK  menona  (Jordan  and  Copeland). 
Lake  Maxinkuckee,  Jenkins  1888 ;    Clear  and  Pine  lakes.  La   Porte 
county,  and  St.  Joseph's  river,  Jordan  1877. 

Zygoneciei^  notatns  (Rafinesque).  Top  Minnow. 
Fourteen-mile  creek,  Clark  county,  Jenkins  1888;  Big  Pigeon  creek  at 
Evans ville,  Jordan  188i) ;  Cypress  swamp,  Posey  county,  Jordan  188i) ; 
Wabash,  at  Terre  Haute,  Jenkins  188r) ;  at  Vincennes,  New  Harmony 
and  Mackey's  Ferry,  Jordan  1889  ;  Lower  Wabash,  Jordan  1877  ;  Eel 
river  and  its  tributary  streams.  Blue,  Shriner,  Cedar  lakes ;  Loon,  Big 
lakes,  Kirsch  1894  ;  Wild  Cat  and  Deer  creeks,  Evermann  and  Jenkins 
1888 ;  Raccoon  creek  at  Mecca,  I.  W  Coll. ;  West  Fork  White  river  at 
Indianapolis,  Jordan  1877  ;  Clifty  creek,  Decatur  county.  Shannon,  1887; 
Clear  creek,  Monroe  county,  I.  \\  Coll. ;  Patoka  river,  Gibson  county. 
Black  river,  (iresham's  creek  and  Big  creek,  Posey  county,  Jordan 
1S.S9;  Maumee  river,  Jordan  1877;  Kankakee  river  at  Riverside, 
IJates  188j>  ;  St.  Joseph's  river,  Jordan  IS77. 

/ifgomrtts  diqmr  Agassiz. 
Cypress  swamp,  Posey  county,  J or< Ian  1889;  Wabash  at  Vincennes  and 
^lackey's  Ferry,  Jordan  1889;  Lake  Manitou,  Eigenmann  and  Nor- 
man; Tippecanoe  river,  Jordan  1877;  Lake  Maxinkuckee,  Jordan  1889 ; 
Switz  City  swamp,  (ireene  county,  Gilbert  1884;  St.  Joseph's  river, 
Jordan  1877. 
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Gambftsia  i>atrii(H»  ( liaird  and  Girard).    Top  Minnow, 
^lackey's  Ferry,  Black  xiver  and  GreBham's  creek,  Poeey  county,  Jordan 

1SS9. 

Family  I'mhri'hi     (The  Mud-minnows). 
Umhra  It'mi  (Kirkland).     Mud-minow,  Dog-fish. 
Wabash  at  Terra  Haute,  Jenkins  issfi;  Blue  river  at  Columbia  City, 
Jordan  1  S8i) ;  Kel  river,  upper  course,  Thorn  and  Blue  Babe  creeks, 
Kirsch  181)4 ;   Lake  Manitoii,  Kigenmann  and  Norman :  Tippecanoe 
river,  Jordan   1S77;  Little  and   Big  Deer  creeks  and  Honey  creek, 
Everniann  isss ;  Kaccoon  creek  at  Mecca,  I.  V.  Coll.;  West  Fork  White 
river  at  Indianapolis,  Jordan  1877;  .*^alt  creek  near  liedford,  (iilbert . 
18K4;  Mauniee,  Jordan  1877;  Kankakee  at  Riverside,  Bates  18S(»;  St. 
Joseph's  river,  Jordan  ls77;  Clear  and  Pine  lakes,  LaPorte  county, 
Jordan  1877. 

Family  Luciid.r  (The  Pikes). 
Lnrhis  imnicuhttis  (Le  Sueur).  Little  Pickerel. 
( )hio  river ;  Wabash  at  New  Harmony,  Le  Sueur ;  Wabash  valley,  Cuv. 
and  Val.  1840;  Ix>wer  Wabash,  Jordan  1 877  as  E.  nalrnonena;  Wabash  at 
Terre  Haute,  Jenkins  1{J8(> ;  Blue  river  at  Columbia  City,  Jordan  \SW ; 
Eel  river  and  all  its  tributary  streams  and  lakes,  Kirsch  1894 ;  Tippe- 
canoe river,  Jordan  1877  as  A\  mhnonens ;  Lake  Maxinkuckee  and  Loon 
and  Big  lakes,  Kirsch  1894;  I^ke  Manitou,  Kigenmann  and  Norman; 
Deer  creeks  and  Wild  Cat  creek,  'Evermann  and  Jenkins  1888:  Rac- 
coon creek  Mecca  at  L  U.  Coll.;  West  Fork  Whiteriver  at  Indianapolis, 
Jordan  1877  as  E,  M)^monms^\  Pipe  creek,  Madison  county,  Shannon 
1887 ;  Bean  Blossom,  Eigenmann  and  Fordice  1885;  Eel  river  at  Cata- 
ract, Owen  county,  Jordan  18s9;  Switz  Cityswanip,  <Treene  county, 
(filbert  1884 ;  East  Fork  White  river  at  Bedford,  and  Salt  creek,  Gilbert 
1884 ;  Maumee  river,  Jordan  1877  as  E,  s^ilmoiteiis;  Kankakee  at  River- 
side, Bates  1S8():  Yellow  river  at  Plymouth,  Jordan  1889;  St.  Joseph's  • 
river,  Jordan  1877  as  E.  salmoiutts:  Trail  creek.  La  Porte  county, 
Ridgley ;  Clear  and  Pine  lakes,  I-a  Porte  county,  Jordan  1877  as  E.  mi- 
mone'fi*. 

Lucius  binut*  (L).    Pike,  Northern  Pickerel. 
Wabash  at  New  Harmony,  Le  Sueur  as  E^fO.i  dfjirandm* ;  Eel  river,  Stoney 
Creek,  Kirsch.  1894;  Paw  Paw  creek,  Wabash  county,  I'lrey;  St.  Jo- 
seph's river,  Jordan  1877. 
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Lw'nii  maniiibwngtj  i  Mitchill).    Muskallunge,  Maekinongy. 
Ohio  river,  Meek  and  Newland,  1S85;  Lake  Michigan,  Jordan  1877;  Eng- 
lish lake. 

Order  Ai'odrs  (The  Eels). 
Family  AngniUid;'  (The  True  Eels.) 
AngvUln  angnilla  roatrata  Le  Sueur.     Eel. 
White  Water  river  at  Brookville,  Evermann  l.ss<>:  Wabash  at  Delphi, 
Evermann  ISSS;  at  Terre  Haute,  Jenkins  ISSn;  Eel  river  at  Collamer 
as  A.  chrf/sypa,  Kirsch  Ism ;   Wild  Cut  and  Deer  creeks,  Evermann 
1888;  Flat  Rock  and  Sand  creeks,  Decatur  county,  Shannon  1887. 
Order  HKMinRAxcHii  (The  Half-gilled  Fishes). 
Family  Gastt^rosteidn   (The  Sticklebacks). 
ptfgostevs  pungitins  (h.)    Nine-spined  Stickleback. 

Lake  Michigan. 
K'icalia  inconxtai)!*  iKirtland).    Brook  Stickleback. 
Kentner's  creek,  Wabash  county,  T'lrey ;  Ponds  tributary  to  Flat  Rock 
andClifty  creeks  Decatur  county,  Shannon  1SS7. 

Order  1  *e  k(  es(  >c  es . 
Family  Aiherinvh  (The  Silversides). 
LabidfHthes  sicmlns  Cope.    Brook  Silverside. 
Wabash  river  at  Delphi,  Evermann  and  Jenkins  isa*<;  at  Terre  Haute, 
Jenkins  isso;  Lower  Wabash,  Jordan  1877;  at  New  Harmony  and 
Mackey's  Ferry  Posey  county,  Jordan  ISSi) ;  Eel  river  and  all  tributaries, 
Kirsch  is<»4;  at  Logansport,  Jordan  18SU;  Tippecanoe  river,  Jordan 
1.S77 ;  Lake  Maxinkuckee,  Jenkins  isss;  Loon  lake,  Kirsch  18l>4 ,  Lake 
Manitou,  Eigenmann  and  Norman ;  Deer  creeks  and  Wild  Cat  creek, 
Evermann  and  Jenkins  l.SSS;  West  Fork  White  river  at  Indianapolis, 
Jordan  1877;  at(iOBport,  Eigenmann;  Bean  Blossom,  Eigenmann  and 
Fordice  18N5;  E.uBt  Fork  and  Salt  creek  near  Bedford,  Gilbert  18^4; 
Flat  Rock  creek  Decatur  county,  Shannon  1887 ;  Patoka  river,  Gibson 
county,  Jordan  18s!»;  Maumee  river,  Jordan  ls77;  Clear  and  Pine  lakes. 
La  Porte  county,  Jordan  1S77. 

Order  A(  axthoitki:i  (The  Spiny-rayed  Fishes). 
Family  Aphredf^feriff^r  (The  Pirate  Perches). 
Aphredoderi's  munnv)<  (Gilliams).     Pirate  Perch. 
Wabash  river  at  New  Harmony,  Blue  river  at  Columbia  City,  Jordan  18vS9; 
I'pper  course  of  Eel  river,  Thorn  creek,  Kirsch  1S!>4;  Raccoon  creek, 
at  Mecca,  L  l'.  Coll.;  Pipe  creek,  Decatur  county.  Shannon  1887;  Bean 
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Blossom,  Eigenmann  and  Fordice  1885 ;  Salt  creek  near  Bedford,  Gil- 
bert 1884 ;  Big  Creek,  Posey  county,  Jordan  1889 ;  Maumee,  Jordan 
1877  as  A,  cookianm;  Kankakee  river  at  Riverside,  Bates  1886;  Yellow 
river  at  Plymouth,  Jordan  1881). 

Family  Centrarchidse  (The  Sun-fishes). 

Centrarchus  mcLcropterm  (Lac^pi^de). 
North  Carolina  to  Illinois.    No  authentic  specimens  fFom  Indiana. 

PomoxU  sparoides  (Lac^pede).  Calico  Bass,  Grass  Bass,  Bar-fish,  Strawberry 
Bass. 
Fourteen-mile  creek,  Clark  county,  Jenkins  1S88 ;  Cypress  swamp  at 
Mount  Vernon,  Posey  county,  Jordan  1889 ;  Wabash  at  Delphi,  Ever- 
mann  and  Jenkins  1888  ;  at  Terre  Haute,  Jenkins  1880  ;  at  Vincennes 
and  New  Harmony,  Jordan  1889 ;  Eel  river  basin  in  all  waters,  Kirsch 
1894;  Tippecanoe  river,  Jordan  IHST^Sisfiexacanthus ;  Lake  Manitou,  Eig- 
enmann and  Norman ;  Lake  Maxinkuckee,  Jordan  1889 ;  Crooked 
lake,  Kirsch  1894 ;  West  Fork  White  river  at  Indianapolis,  Jordan 
1877,  as  hexacanthiis ;  at  Gosport,  Eigenmann;  Bean  Blossom,  Eig- 
enmann and  Fordicrt  1885  ;  Switz  City  swamp,  Greene  county,  Gilbert 
1884  ;  Clifty  creek,  Decatur  county,  Shannon  1887  ;  Patoka  river,  Gib- 
son county,  Jordan  1889. 

Pomoxis  annularis  Rafinesque.  Crappie,  Bachelor,  New  Light,  Campbellite, 
Sac-a-lai. 
Falls  of  the  Ohio,  Rafinesque  1818 ;  White  Water  at  Brookville,  Ever- 
mann  1880;  Fourteen  Mile  creek,  Clark  county,  Jenkins  1888;  Big 
Pigeon  at  Evansville,  Jordan,  1889;  Wabash  at  Terre  Haute,  Jenkins 
1886;  at  New  Harmony  and  Mack ey's  Ferry,  Jordan  1889;  Lower  Wa- 
bash, Jordan  1877 ;  Eel  river,  Blue  river,  Meredith  creek,  Kirsch,  1894 ; 
Wt«t  Fork  White  river  at  Indianapolis,  Jordan  1877 ;  at  Gosport, 
Eigt-nmann  ;  Bean  Blossom,  Eigenmann  and  Fordice  1885;  Salt  creek, 
B  dford,  Gilbert  1884 

Ambloplites  rupestrls  (Rafinesque).  Rock  Bass,  Red  Eye,  Goggle  Eye. 
While  Water  river  at  Brookville,  Evermann  1880;  Fourteen  Mile  creek, 
Clarke  county,  Jenkins  1888;  Wabash  at  Delphi,  Evermann  and  Jenkins 
1888;  at  Terre  Haute,  Jenkins  1886;  Lower  Wabash,  Jordan  1877; 
Blue  river  at  Columbia  City,  Jordan  1889;  Eel  river  and  tributary 
streams,  Kirsch  1894 ;  Eel  river  at  Logansport,  Jordan  1889 ;  Tippe- 
canoe river,  Jordan  1877;  Tippecanoe  river,  Evermann  and  Jenkins 
1888;  Wild  Cat  and  Deer  creeks;  Lake  Maxinkuckee,  Jenkins  1888; 
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West  Fork  White  river  at  Indianapolis,  Jordan  1877 ;  Pipe  creek,  Mad- 
ison county,  Shannon  1887 ;  Bean  Blossom,  Eigenmann  fln«l  Fitrdice 
1885;  East  Fork  White  river  at  Bedford  and  Salt  cr^ek,  Gilbert  1884  ; 
Flat  Rock  at  liushville;  Flat  Rock  and  ClifJy  creeks,  Mad'son  county, 
Shannon  1887;  Yellow  river  at  Plymouth,  Jordan  188i>;  St.  Jos^pli^s, 
Jordan,  1877 ;  at  Mishawaka,  Jordan  1889;  Trail  creek,  LaPorte  county, 
Ridgley. 

(%€ienobryitt(H  gnlotfvs  (Cuv.  and  Val.)  War  Mouth.  Red  eyed  Bream. 
Cypress  swamp,  Posey  county  and  Wabash  at  Vincennt* s,  New  Harmony 
and  Mackey*s  Ferry,  Jordan  1889 ;  Lower  Wabash,  Jordan,  1877 ;  E**l 
river  and  tributaries;  Loon  and  Big  lakes,  Kir^ch  1894;  Wefrt  Fork 
White  river  at  Indianapolis,  Jordan  1877;  Switz  City  swamp,  Gret'ne 
county,  Gilbert  1884;  Yellow  river  at  Plymouth,  Jordan  1880;  Clear 
and  Pine  lakes,  LaPorte  county,  Jordan  1877 ;  Trail  Creek  and  LaPorte 
county,  Ridgley. 

Lepoinis  n/aneUtis  (Rafinesque).  Green  Sun-fish. 
Ohio,  Rafinesque;  White  Water  at  Brookville,  Evermann  ls8ti;  Laugh- 
ery  creek  near  Milton,  Ohio  county,  Jenkins  1888,  and  Fourteen  Mile 
creek,  Clark  county;  Wabash  at  Delphi,  Evermann  and  Jenkins  1888; 
at  Terre  Haute,  Jenkins  188G;  at  Vincennes,  Jordan  1889;  Eel  river 
and  all  its  large  tributary  streams  and  lakes,  Kirsch  1894 ;  Tippecanoe 
river.  Deer  creeks  and  Wild  Cat  Creek,  Evermann  and  Jenkins  1H88; 
Lake  Maxinkuckee,  Jenkins  1888  ;  West  Fork  White  river  at  In><ian- 
apolis,  Jordan  1877  ;  Pipe  creek,  Madison  county.  Shannon  1S87  ;  Bean 
Blossom,  Eigenmann  and  Fordice  1880;  Eel  river  at  Cataract,  Owen 
county,  Jordan  1889;  East  Fork  White  river  and  Salt  creek  near  Bed- 
ford, Gilbert  18S4;  Flat  Rock  creek  at  Rushville,  and  C'ifty  creek, 
Madison  county,  Shannon  18S7  ;  Ix>8t  river  at  Orangeville;  Clear  creek, 
Monroe  county,  I.  V.  Coll. ;  Gresham's  creek  at  New  Harmony,  Jordan 
1889;  Kankakee  river,  Jordan  1877;  Clear  and  Pine  lakes,  LaPorte 
county,  Jordan  1877. 

Lejymm  macrochinis  Rafinesque. 
West  Fork  White  river  at  Indianapolis,  Jordan  1877. 

Lejxxrtm  hnyniliA  (Girard). 
Big  creek  at  New  Harmony,  Jordan  1889. 

IjejKftnis  j)allidits  (Mitchill).    Blue  Sun-fish,  Copper-nosed  Bream,  Dollardee. 

Wabash  at  Torre  Haute,  Jenkins  1886 ;  at  Vincennes,  New  Harmony  and 

Mackey's  Ferry,  Jordan  1889  ;  Ix)wer  Wabash,  Jordan  1877  as  L.  incU- 
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or;  Eel  river  and  all  its  tributaries,  Kirsch  1804;  Tippecanoe  river, 
Jordan  1877  as  L.  incUor ;  Lake  Manitou,  Kigenmann  and  Norman  ; 
Lake  Mazinkuckee,  Jenkins  1888;  Loon,  Big  and  Crook»>d  lakes, 
Kirsch  1894 ;  West  Fork  White  river  at  Indianpolis,  Jordan  1877  as  Z. 
incimr ;  at  Gosport,  Kigenmann;  Switz  City  Swamp,  Greene  county, 
Gilbert  1884;  Maumee,  Jordan  1877  as  L,  incisor;  St.  Joseph's,  Jor- 
dan 1877  as  L.  incisor ;  Clear  and  Pine  lakes,  LaPorte  county,  Jordan 
1877  as  L.  incisor.    Trail  creek,  LaPorte  county,  Ridgley. 

Ltpomis  megalolis  (Rafinesque). 
Ohio  river,  Rafinesque;  White  Water  at  Brookville,  Evermann,  1886; 
Laughery  creek  near  Milton,  Ohio  county,  and  Fourteen  Mile  creek, 
Clark  county,  Jenkins,  1888 ;  Wabash  at  Delphi,  Evermann  and  Jenk- 
ins, 1888;  at  Terre  Haute,  Jenkins,  188C;  at  New  Harmony  and  Ma  k- 
ey's  Ferry,  Jordan,  1889;  Kentner's  creek,  Wabash  county,  Ulrey; 
Eel  river  and  its  tributary  streams,  Hull  lake,  Kirsch,  1894;  at  Lo- 
gansport,  Jordan,  1889;  Tippecanoe,  Deer  creeks  and  Wild  Cat  creek, 
Evermann  and  Jenkins,  18S8 ;  Lake  Maxinkuckee,  Jenkins,  1888 ;  Loon 
lake,  Kirsch  1894:  West  Fork  White  river,  at  Indianapolis,  Jordan, 
1877,  as  L.  peltastes;  at  Gosport,  Eigenmann;  Bean  Blossom,  Eigen- 
mann  and  Fordice,  1885;  Eant  Fork  White  river  and  Salt  creek  near 
Bedford,  Gilbert,  1884;  Ciifty  creek,  Decatur  county.  Shannon,  1887; 
Clear  creek,  Monroe  county,  I.  U.  Coll.;  Patoka  rivf  r,  Gibson  county, 
Jordan,  1889;  Kankakee  river,  Jordan,  1877,  as  L.  peltaMen',  Yellow 
river,  at  Plymouth,  Jordan,  1889;  St.  Joseph^s  at  Mishawaka,  Jordan 
1889.  ^ 

Lepoiitis  garmani  Forbes. 
Mackey's  Ferry,  Jordan  1889. 

Le})omis  enryorus  McKay. 
Cedar  and  Shriner  lakes  and  upper  Eel  river,  Whitley  county,  Kirsch 
1894. 

Lejmnis  heros  (B.  and  G.)  McKay. 
Round  lake,  Whitley  county,  Kirsch  1894 ;  I^ke  Manitou,  Eigenmann 
and  Norman. 

Lepomin  notatns  (Agass.)  McKay. 
Mackey's  Ferry,  Jordan  1889. 

Ijepotnin  glbbosus  (L).     Common  Sun-fish,   Bream,   Pond-fish,   Pumpkin- 
seed,  Sunny. 
Wabash  at  Terre  Haute,  Jenkins  1880;    Eel  river  at  South  Whitley, 
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Cedar,  Shriner,  Round,  Hull  and  Wilson  lakes,  Kirsch  1894;  Paw 
Paw  creek,  Wabash  county,  Ulrey ;  Tippecanoe  river,  Joi^n  1877 ; 
Loon  lake,  Kirsch  1894 ;  Lake  Manitou,  Eigenmann  and  Norman ; 
Lake  Maxinkuckee,  Jordan  1889;  Maumee,  Jordan  1877;  Kankakee, 
Jordan  1877;  at  River  side.  Bates  1886 ;  St.  Joseph's,  Jordan  1877 ;  at 
Mishawaka,  Jordan  1889;  Clear  and  Pine  lakes,  Lapcrte  county,  Jor- 
dan 1877. 

Micropterus  dolanieu  (Lac^p^de).  Small-mouthed  Black  Bass. 
White  Water  at  Brookville,  Evermann  1886 ;  Laughery  creek,  near  Mil- 
ton, Ohio  county,  Jenkins  1888;  Fourteen-mile  creek,  Clark  county, 
Jenkins  1888 ;  Wabash  at  Delphi,  Evermann  and  Jenkins  1888 ;  at 
Terre  Haute,  Jenkins  1886;  Lower  Wabash,  Jordan  1877,  as  floridanus; 
Eel  river  at  Lngansport, Jordan  1889;  Eel  river  and  all  tributaries,  Kirsch 
1894;  Tippecanoeriver,  Jordan  1877,  dMftoridanm;  Tippecanoe  river, 
Deer  creeks  and  Wild  Cat  creek,  Evermann  and  Jenkins  1888 ;  Lake 
Maxinkuckee,  Jenkins  1888 ;  West  Fork  White  river,  at  Indianapolis, 
Jordan  1877,  as  florklanm;  at  Gosport,  Eigenmann;  Bean  Blossom, 
Eigenmann  and  Fordice  1885 ;  Eel  river,  at  Cataract,  Owen  county, 
Jordan  1889 ;  Flat  Rock  and  Clifty  creeks,  Decatur  county.  Shannon 
1887 ;  Blue  river,  at  Knightstown,  Clear  creek,  Monroe  county,  I.  U. 
Coll.;  Maumee  river,  Jordan  1877,  as  floridanus ;  Kankakee  river, 
Jordan  1877,  as /anV;an?/«;  Yellow  river,  at  Plymouth,  Jordan  1889. 
St.  Joseph's  river,  Jordan  1877,  as  flortdannA ;  at  Mishawaka,  Jordan 
1889 ;  Clear  and  Pine  lakes,  La  Porte  county,  Jordan  1877,  as  flori- 
danvH.  ^ 

Microptenis  salmoides  (Lac6p<>de).  Large  mouthed  Black  Bass,  Green  Bass, 
Oswego  BaES,  Bayou  Bass. 
White  Water  river,  at  Brookville,  Evermann  1886 ;  fourteen- mile  creek, 
Clark  county,  Jenkins  1888 ;  Big  Pigeon  creek  at  Evansville,  Jordan 
1889;  Wabash  at  Dephi,  Evermann  and  Jenkins  1888;  at  Terre  Haute, 
Jenkins  1886;  at  Vincennes,  New  Harmony  and  Mackey's  Ferry, 
Jordan  1889 ;  Lower  Wabash,  Jordan  1877 ;  Blue  river  at  Columbia 
City,  Jordan  1889 ;  P^el  river  and  large  tributaries,  and  all  the  lakes, 
Kirsch  1894  ;  Tippecanoe  river,  Jordan  1877  ;  Tippecanoe  river.  Deer 
creeks  and  Wild  Cat  creek,  Evermann  and  Jenkins  1888  ;  Lake  Mani- 
tou, Eigenmann  and  Norman ;  Lake  Maxinkuckee,  Jenkins  1888 ;  Loon, 
Big  and  Crooked  lakes,  Kirsch  1894 ;  West  Fork  White  river  at  In- 
dianapolis, Jordan  1877;  at  Gosport,  Eigenmann  ;  Switz  City  swamp, 
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Greene  county,  Gilbert  1884 ;  East  Fork  White  river  and  Salt  creek, 
near  Bedford,  Gilbert  1884 ;  Patoka  river,  Gibson  county,  and  Black 
river,  Posey  county,  Jordan  1889 ;  Yellow  river  at  Plymouth,  Jordan 
1889;  St.  Joseph's  river,  Jordan  1877;  Trail  cre6k,  La  Porte  county, 
Ridgley. 

Family  Percid^e  (The  Perches). 

Htheostovia  peUuciduvi  Baird.  Sand  Darter. 
Wabash  at  Delphi,  Evermann  and  Jenkins  1888;  at  Terre  Haute,  Jen- 
kins 1886;  at  New  Harmony  and  Mackey's  Ferry,  Jordan  1889;  Eel 
river  from  Collamer  to  Lofifansport,  Kirsch  1894;  at  Ix)gansport,  Jordan 
1889;  Tippecanoe  river,  Wild  Cat  and  Deer  creeks,  Evermann  and 
Jenkins  1888;  Raccoon  creek  at  Mecca,  I.  V.  Coll.;  West  Fork  White 
Kiver  at  Indianapolis,  Jordan  1877;  at  Gosport,  Eigenmann;  Bean 
Blossom,  Eigenmann  and  Fordice  1885;  East  Fork  near  Bedford,  Gil- 
bert 1884. 

Efheostoma  ai^preUus  (Jordan). 
Rising  Sun,  Ohio  county,  Jenkins  1888 ;  Wabash  at  Vincennes  and  New 
Harmony,  Jordan  1889. 

Ethfostoma  nigrum  Rafinesque.  "Johnny." 
White  Water  river  at  Brook ville,  Evermann  188<5 ;  Laughery  creek  near 
Miltqn,  Ohio  county,  and  Fourteen  Mile  Creek,  Clark  county,  Jenkins 
1888 ;  Wabash  river  at  Delphi,  Evermann  and  Jenkins  1888 ;  at  Terre 
Haute,  Jenkins  1886;  at  Vincennes,  New  Harmony  and  Mackey's 
Ferry,  Jordan  1889 ;  Kentner's  creek,  Wabash  county,  Ulrey ;  Blue 
river  at  Columbia  City,  Jordan  1889;  Eel  river  at  Logansport  and 
tributary  streams,  Cedar  and  Round  lakes,  Kirsch  1894;  Tippecanoe 
river.  Wild  Cat  and  Honey  creeks  and  Deer  creeks,  Evermann  and 
Jenkins  1888;  Lake  Maxinkuckee,  Jenkins  1888;  Raccoon  creek  at 
Mecca,  Parke  county,  I.  U.  Coll.;  West  Fork  White  river  at  Indian- 
apolis, Jordan  1877  as  Boleostoina  maculatum  ;  at  Gosport,  Eigenmann; 
at  Spencer,  Jordan  1889;  Bean  Blossom  creek,  Eigenmann  and  For- 
dice 1885;  East  Fork  White  river  and  Salt  creek  near  Bedford,  Gil- 
bert 1884  as  B.  maculatum;  Flat  Rock  and  Clifty  creeks,  Decatur 
county.  Shannon  1887;  Blue  river  at  Knightstown;  Lost  river  at  Orange- 
ville ;  Clear  creek,  Monroe  county,  I.  U.  Coll. ;  Patoka  river  Gibson 
county,  Blaek  river,  Gresham's  and  Big  creeks,  Posey  county,  Jordan 
1889;  Kankakee  river  at  Riverside,  Bates  1886;  Yellow  river  at  Ply- 
mouth, Jordan  1889;  St.  Joseph's  at  Mishawaka,  Jordan  1889;  Trail 
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creek,  LaPorte  county,  Ridgley. 
Eiheih'ftoma  chhroAotna  (Hay). 
Cypresa  swamp,  Posey  county,  Wabash  at  New  Harmony  and  Mackey^s 
Ferry  and  Big  creek,  Posey  county,  Jordan  1881). 
Efln'ostmna  blennloitkn  Rafineeque.    Green-sided  Darter. 

White  Water  river  at  Brookville,  Evermann  18Kt);  Laughery  creek  near 
Milton,  Ohio  county,  and  Fourtet'n  Mile  creek,  Clark  county,  Jenkins 
1888;  Wabash  river  at  Delphi,  Evermann  and  Jenkins  1888;  at  Terra 
Haute,  Jenkins  188(i;  Lower  Wabash,  Jordan  1877 ;  Blue  river  at  Colum- 
^bia  City,  Jordan  1889;  Eel  river  at  Logansport,  Jordan  1889;  Eel  river  and 
its  tributary  streams,  Kirsch  1804;  Lake  Manitou,  Eigenmann  and 
Norman ;  Tippecanoe  river,  Deer  creeks.  Wild  Cat  creek,  Evermann 
and  Jenkins  1888;  Raccoon  creek  at  Mecca,  1.  V.  Coll.;  West  Fork 
White  river  at  Indianapolis,  Jordan   1877;  at  Spencer,  Jordan  1889; 
Btan  Blossom,  Eigenmann  and  Fordice  1885;  East  Fork  White  river 
and  Salt  creek  near  Bedford,  ( Jilbert  1884 ;  Flat  Rock  and  Clifty  creeks, 
Decatur  county,  Shannon  1887 ;   Blue  river  at   Knightstown,   I.  U. 
Coll. 
EtIuost>7na  c/^plamii  (Jordan)-. 
Wabash  at  Delphi,  Evermann  and  Jenkins  1888;  at  Terre  Haute,  Jenk- 
ins 188<i;  at  Vincennes  and  New  Harmony,  Jordan  1889;  ^'est  Fork 
White  river  at  Indianapolis,  Jordan  1877  ;  at  Gosport,  Eigenmann. 
Etheostmua  fmirio  Jordan  and  Gilbert. 

Patoka  river,  Gibson  county,  Jordan  1889. 
Elhtostoina  shumardi  (Girard). 
Wabash  at  Delphi,  Evermann  and  Jenkins  1888 ;  at  Terre  Haute,  Jenkins 
1880 ;  at  Hutsonville,  III.,  Vincennes  and  New  Harmony,  Jordan,  1889 ; 
Lower  Wabash,  Jordan  1877;  West  Fork  White  river  at  Indianapolis, 
Jordan  1877. 
EthroMana  uranMea  (Jordan  and  Gilbert). 

Wabash  at  Vincennes  and  New  Harmony,  Jordan  1889. 
Eihevdoma  caprodes  Rafinesque.  Log  Perch,  Hog-fish,  Crawl-a-bottom. 
White  Water  river  at  Brookville,  Evermann  188(>;  Fourteen  Mile  creek 
Clark  county,  Jenkins  1888;  Wabash  river  at  Delphi,  Evermann  and 
Jenkins  1888;  at  Terre  Haute,  Jenkins  188t) ;  at  Vincennes,  New  Har- 
mony and  Mackey's  Ferry,  Jordan  1889 ;  Ix)wer  Wabash,  Jordan  1877  ; 
Lower  course  of  Eel  river.  Pawpaw  creek,  Flowers,  Twelve  Mile  creeks, 
Kirsch  1894  ;  Eel  at  Logansport,  Jordan  1889;  Tippecanoe  river.  Wild 


Cat  and  Deer  creeks,  Evermann  and  Jenkins  1888;  Ix)on  lake,  Kirsch 
1804 ;  liaocoon  creek  at  Mecca,  I.  U.  Coll., West  Fork  White  river  at  In- 
dianapo'is,  Jordan  1S77;  at  Gosport,  P'igenmann ;  at  Spencer,  Jordan 
18K9;  Bean  Blossom,  Kigenmann  and  Fordice  1S85;  Clifty  and  P^lat 
Rock  creeks,  Decatur  county,  and  Flat  Rock  river  at  Rushville,  Shan- 
non 1887 ;  Salt  creek  near  Bedford,  Gilbert  1884  ;  Patoka  river,  Gibson 
county,  and  Big  creek  Posey  county,  Jordan  1889;  St  Joseph's  river, 
Jordan  1877. 

Etfuoftomd  mavnx^ej/halftm  Cope. 
Oliio  valley.     No  authentic  specimens  from  Indiana. 

Efh'ontama  ouachi(:i  (.[ordan  and  Gilbert). 
Patoka  river,  Gibson  county,  Jordan  1881). 

Eiheo»toma  a»}tro  (Cope  and  Jordan). 
White  Water  riv»-r  at  Brookville,  Evermann  1886;  Wabash  at  Delphi, 
Evermann  and  Jenkins,  1888;  at  Terre  Haute,  Jenkins  188<>;  at  New 
Harmon v,  Jordan  lss<);  Blue  river  at  Columbia  City,  Jordan  1889; 
Eel  river  at  I^ganBport,  Jordan  1889;  Eel  river  and  all  its  tributary 
streams  Kirsch  1S!»4;  Tippecanoe  river,  Deer  creeks  and  Wild  Cat 
creek,  Evermann  and  Jenkins  1.S88  ;  Raccoon  creek  at  Mecca,  I.  V.  Coll. ; 
West  Fork  White  river  at  Indianapolis,  Jordan  1877;  Bean  BloBSom, 
Eigenmann  and  Fordice  1885;  East  Fork  White  river  and  Salt  creek 
near  Bedford,  Gilbert  1884 ;  Flat  Rock  and  Sand  creeks,  Decatur  county, 
Shannon  18S7;  Big  creek,  Posey  county,  Jordan,  1889;  Kankakee  at 
Riverside,  Bates  ls8f) ;  Yellow  river  at  Plymouth,  Jordan  1889;  St. 
Jos^'ph's  at  Mishawaka,  Jordan  1889. 

EUieoAloma  ^>hoA'Ocephahnu  Nelson. 
Blue  river  at  Wyandotte  Cave,  I.  U.  Coll.;  Wabash  river  at  Delphi, 
Evermann  and  Jenkins  1888 ;  at  Terre  Haute,  Evermann  1888 ;  at  Vin- 
cennes  and  New  Harmony,  Jordan  1889;  Lower  Wabash,  Jordan  1877  ; 
F^l  river  at  Ix)gan'*port,  Jordan  1889;  West  Fork  White  river  at  Gos- 
port,  E'genmann  ;  at  Spencer,  Jordan  1889 ;  Bean  Blossom,  Eigenmann 
and  F(;rdice  1885;  East  Fork  and  Salt  creek  near  Bedford,  Gilbert 
18S4  :  Patoka  river,  ( Jibson  county  and  Big  creek,  Posey  county,  Jor- 
dan 1889. 

Elheostouia  scirrvm  (Swrain). 
Wabash  at  Vincennes  and  New  Harmony,  Jordan,  18S«.»;  Tippecanoe 
river,  Jenkins  188S;  West  Fork  White  river  at  (4o8port.  Eigenmann ; 
at  Spencer,  Jordan  1889;  Bean  Blossom,  Monroe  county,  Swain ;  Salt 
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creek  near  Bedford,  Gilbert  1884 ;  Patoka  river,  Gibson  county,  Jordan 
1889. 
Etheostoma  evides  (Jordan  and  Copeland). 
Wabash  river  at  Delphi,  Evermann  and  Jenkins  1888 ;  at  Vincennes  and 
New  Harmony,  Jordan  1889;  Lower  Wabash,  Jordan  1877;  Eel  river 
at  Logansport,  Jordan  1889;  Tippecanoe  river,  Evermann  and  Jenkins 
1888 ;  West  Fork  White  river  at  Indianapolis,  Jordan  1877  ;  at  Grosport, 
Gilbert  and  Swain ;  St.  Joseph ^s  river,  Jordan  1877. 
Etheostoina  variaiinn  Kirtland. 

White  Water  at  Brook ville,  Jordan  1885,  Evermann  1886. 
Etheo»ioma  zonale  (Cope). 
White  Water  at  Brookville,  Evermann  1886 ;  Bine  river  at  Wyandotte 
Cave,  I.  T'.  Coll.;  Yellow  river  at  Plymouth,  Jordan  1889. 
Etheostoma  camurum  (Cope).    Blue-breasted  Darter. 
Eel  River,  between  South  Whitley  and  North  Manchester,  Kirsch,  1894; 
Tippecanoe  river,  Jenkins  1888 ;  West  Fork  White  river  at  Indianap- 
olis, Jordan  1877. 
EtheoaUyina  rtiacnlatum  Kirtland. 
Tippecanoe  river,  Jordan  1.877;  Deer  creek,  Jordan   1889;  West  Fork 
White  river  at  Indianapolis,  Jordan  1877;  Maumee  river  Jordan  1877; 
Kankakee  river,  Jordan  1877;  Yellow  river  at  Plymouth,  Jordan  1889; 
St.  Joseph^s  river,  Jordan  1877. 
Etheo9t07)ia  flabellare  Rafinesque. 
White  Water  at  Brookville,  Evermann  1886 ;  Laughery  creek  near  Mil- 
ton, Ohio  county,- Jenkins  1888;  Big  Pigeon  creek  at  Evansville,  Jor- 
dan 1889;  Wabash  at  Delphi,  Evermann  and  Jenkins  1888;  at  Terre 
Haute,  Jenkins  1886;  Blue  river  at  Columbia  City,  Jordan  1889;  Eel 
river  between  South  Whitley  and  North  Manchester,  Kirscli  1894; 
Tippecanoe  river,  Wild  Cat  creek  and  Deer  creeks,  Evermann  and 
Jenkins  1888;  Raccoon  creek  at  Mecca,  I.  U.  Coll.;  West  Fork  White 
river  at  Indianapolis,  Jordan  1877;   Bean  Blossom,  Eigenmann  and 
Fordice  1885;  Eel  river  at  Cataract,  Owen  county,  Jordan  1889;  Salt 
creek  near  Bedford,  Gilbert  1884;   Flat  Rock  and  Clifty  creeks,  De- 
catur county.  Shannon  1887 ;  Clear  creek,  Monroe  county,  I.  U.  Coll. 
EtheoMoma  S(/U(nmcepn  Jor«lan. 

Gresham's  creek  and  Big  creek,  Posey  county,  Jordan  1889. 
Etheostoma  tippecano*]  Jordan  and  Evermann. 
Tippecanoe  river,  Jordan  1889. 
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EUifOBtoma  avruleum  Stbrer.  Rainbow  Darter,  Soldier- fish. 
White  Water  rirer  at  Brookville,  Evermann  1880;  Laughery  creek  near 
Milton,  Ohio  county,  and  Fourteen  Mile  creek,  Clark  county,  Jenk- 
ins 188H;  Wabash  at  Delphi,  Evermann  and  Jenkins  1888;  atTerre 
Haute,  Jenkins  188();  at  Vincennes  and  New  Harmony,  Jordan  1889; 
Kentner's  creek,  Wabash  county,  Vlrey;  Blue  river  at  Columbia 
City,  Jordan  1889;  Eel  river  and  tributary  streams,  Kirsch  1894;  at 
Logansport,  Jordan,  1889;  Tippecanoe  river,  Wild  Cat  creek.  Deer 
creeks,  Evermann  and  Jenkins  1888;  Lake  Maxinkuckee,  Jenkins 
1H88;  Raccoon  creek  at  Mecca  I.  U.  Coll.;  West  Fork  White  river  at 
Indianapolis,  Jordan  1877  as  Pacilichthi/s  variatus;  at  Gosport,  Eigen- 
mann;  at  Spencer,  Jordan  1889;  Bean  Blossom,  Eigenmannand  For- 
dice  1885 ;  East  Fork  White  river  and  Salt  creek  near  Bedford,  Gil- 
bert 1884;  Flat  Rock  and  Clifty  creeks,  Decatur  county,  Shannon 
1887 ;  Blue  river  at  Knightstown,  Clear  creek,  Monroe  county,  I.  U. 
Coll. ;  Yellow  river  at  Plymouth,  Jordan  1889 ;  St.  Joseph's  at  Misha- 
waka,  Jordan  1889. 

Etheo»toma  raru^eum  spectahile  Agassiz. 
Lakes  drained  by  Eel  river,  Kirsch  1894;  West  Fork  White  river  at  In- 
dianapolis, Jordan  1877;  Kankakee  river,  Jordan  1877;  St.  Joseph's 
river,  Jordan  1877. 

Etfieostonm  jemif  (Jordan  and  BraytJbn). 
Wabash  at  Delphi,  Evermann  and  Jenkins  1888 ;  at  Vincennes  and  New 
Harmony,  Jordan  1889 ;  Big  Creek,  Posey  county,  Jordan  1889. 

EUuostoma  fusifonne  (Girard). 
Cypress  swamp,  Posey  county,  Jordan  1889;    Wabash  at  Terre  Haute 
and  New  Harmony,  Jordan  1889;  Switz  City  swamp,  Greene  county, 
(Hlbert  1884  as  B.jtcUiiatris;  Big  creek,  Posey  county,  Jordan  1889. 

EUifostoma  cos  (Jordan  and  Copeland). 

Wabash  at  Terre  Haute,  Jenkins  188n ;  Blue,  Cedar,  Round  and  Shriner 

Jakes,  Whitley  county,  Kirsch  1894:  Tippecanoe  river,  Jordan  1877; 

r^ke  Maxinkuckee,  Jenkins  1888 ;   Maumee  river  and  St.  Joseph's 

river,  Jordan  ls77 ;  Clear  and  Pine  lakes,  I^ Porte  county,  Jordan  1877. 

EtheoMoina  microjHrca  Jordan  and  Gilbert.    Least  Darter. 
Blue  lake,  Round  lake,  Kirsch  1894;  W^est  Fork  White  river  at  Indian- 
apolis, Jordan  1877  as  M.  punctukUa;  Maumee  river,  Jordan  1877 ;  Kan- 
kakee  river  at  Riverside,  Bates  lK8<i ;  St.  Joseph's  river,  Jordan  1877 ; 
Clear  and  Pine  lakes,  La  Porte  county,  Jordan  1877. 
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Pnra  jlarfi^^its  (Mitchill).    Yellow  Perrh,  Ringed  Perch. 
Upper  courses  of  Efl  river  and  Blue  river,  lakes  drained  by  Blue  river, 
Kirsch  1894 ;  Wabash  at  Terre  Haute,  Jenkins  188H ;  Lake  Manitou, 
iMgenmann  and  Norman  ;  Tippecanoe  river,  Jordan  1877  ;  Lake  Max- 
inkuckee,  Jenkins  l.sSS;  Loon,  Big,  Crooked  lakes,  Kirsch  1894;  St. 
Joseph's  river,  Turkey  lake,  Jordan  1S77 ;  Lake  Michigan  at  Michigan 
City,  Bates  1886  ;  Clear  and  Pine  lakes,  La  Porte  county,  Jordan  1877. 
Sfhoatetiion    vitrenm    (Mitchill).      AV all-eye,    GlasH-eye,    Pike- Perch,    Jack 
Salmon. 
Wabash  at  Terre  Haute:  Jenkins  lS8(i. 
*'<tizo»tftJlon  canaderise  (C.  H.  Smith).    Sauger,  Sand  Pike,  Gray  Pike,  Horn- 
iish. 
White  Water  at  Brook ville,  Evermann  188<);  Wabash  at  Terre  Haute, 
Jenkins  l.S8<i. 

Family  Serranidn'  (The  Sea  Bass). 
Jiorr'is  Htufattift  i  Bloch).    Striped  Bass,  Kock-fish,  Rock. 

No  authentic  Indiana  specimens. 
Ko^rf'iii  rhysops  (Rdiinesque).     White  Bass. 

No  authentic  Indiana  specimens. 
Mortmc  Interrtipta  (Gill).     Yellow  Bass. 
Wabash,  at  Terre  Haute.  Jenkins  iS8<). 

Family  Sciscnidx  (The  Drums). 
ApMinotm    gninnien»    (Ratinesqne).     Fresh    Water    Drum,    Gaepergou, 
"Sheep's-head/*  White  Perch,  Croaker,  Thunder  pumi>er. 
oliio  river;  White  Water,  at  Brookville,  Evermann   1S8<);  Big  Pigeon 
creek  at  Evansville,  Jordan  1889 ;    Wabash  at  Terre  Haute,  Jenkins 
188(5 ;  at  New  Harmony  and  Mackey's  Ferry,  Jordan  1889  ;  West  Fork 
White  river  at  Indianapolis,  Jordan    1877;    Patoka    river,  Gibson 
county,  Jordan  18s9. 

Family  Cottidit:  (The  Sculpins). 
i'(tthis  rirei  (Nelson). 

Lake  Michigan.  No  authentic  Indiana  specimens. 
('nttf's  baird!  ((iirard).  Miller's  Thumb,  Blob,  Muftie-jaw. 
White  Water  river  at  Brookville,  Evermann  188r»;  Kentner*8  creek, 
Wabash  county,  Tlrey;  Blue  river  at  Columbia  City,  Jordan  18S9 ; 
Kcl  river  and  large  tributaries,  Kirsch  1894 ;  Lake  Manitou,  Eigen- 
mann  and  Norman;  Honey  creek  and  Deer  creeks,  Evermann  and 
Jenkins  1SS8.  as  rirhardsoni ;  West  Fork   White  river,  at  Indianapo- 
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Ha,  Jordan  1S77,  as  uulmnii  and  Carolina' :  at  Spencer,  Jordan  \SH\);  Bean 

Blossom  creek,   Kijjf'nmann  and  Fordice  IKKT);  CH (ty  and  Flnt  Rork 

creeks,  Decatur  tounty,  Flat  Kock  river  at  Uns'iville;  Shannon  1SS7; 
Ix)st  river  at  <  >ranj»eville ;  Yellow  river  at  Plymouth,  Jordan,  1SS9 ; 
Trail  creek,  La  Porte  county,  Kidgley. 
i  'ottiig  lyoVirai /j<  i  J.  and  ( J. ). 

r^ke  Michiiran.    No  authentic  Jndiaua  specimens. 
i  nflns  hoy  1 1  Putnam). 

Lake  Michigan.     No  authentic  Indiana  specimens. 

V2Lm\\\  (rnd'Hhi  (The  Cod-ljshes). 
h»tn  loin  mnvihisa  1 1^  Sueur  I.     Burbot,  Lawyer,  Ling. 
Xew^  Albany,  Jordan  1SS8. 

Summary  of  Families  of  Fishes  found  in  Indiana,  with  their  numbers 
of  genera  and  species : 

No.  (»f  '.iencra.  N«».  of  Sporlt*». 

1   Petromyzontidii- L*  '1 

1  Polyodontidii- 1  1 

"»  Acipenserid;!' 2  i* 

4  r^piso8teid:i> 1  :> 

•')  Amiid;i* 1  1 

♦»  Siluridn' 5  14 

7  Cato8tomid:c 8  17 

s  Cyprinidji- 13  'X\ 

\)  lliodontidii* 1  2 

10  Clupeidii- 2  L» 

11  Salmonida- 2  7 

VI  Percopsidji' 1  1 

lo  Aniblyopsid;r '1  1* 

14  Cyprinodontidji :>  4 

1">  Umbridn' 1  1 

10  Luciidii* I  :; 

17  Anjraillidji' 1  1 

15  (Jasterosteidii' 1  l* 

H»  Atherinidn* 1  1 

20  Aphredoderidji- 1  1 

21  Centrarchid.M- .    .    <>  17 

22  i'ercid.i' !}  :i2 

2:;  SerranidH' 2  \\ 

24  Scia-nidii' 1  1 

2.')  Cottida* 1  -1 

2()  Gadida- 1  1 

05  l.Ys 
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Not  more  than  one- third  of  these  have  been  foand  at  any  one  locality. 

The  largest  number  recorded  from  any  one  locality  is  the  forty-two 
species  enumerated  for  Bean  Blossom  creek  in  about  one  mile  of  its  course. 

Over  half  of  the  genera  (34),  and  more  than  two- thirds  of  the  speciefi 
belong  to  the  following  five  families :  Siluridse,  Catoatomidse,  Cyprinidse, 
Centrarchidae,  Etheostomidn;.  About  one  fifth  of  the  species  are  minnows, 
another  fifth  are  darters,  cat-fish  and  suckers  together  form  a  third  fifth,  the 
sunfishes,  salmon  and  trout,  and  Cyprinodontidao  complete  the  fourth  fifth 
and  the  last  fifth  is  made  up  of  nineteen  other  families. 


9IBI1IOOBAFHY  OP  INDIANA  OBNITHOIiOQY. 

By  a.  W.  Butler. 

The  following  bibliographical  notes,  while  far  from  complete,  indicate 
many  of  the  publications  relating  to  Indiana  birds,  most  of  which  were 
at  hand  for  reference.  Most  of  the  more  general  works  have  been  omit- 
ted, although  several  of  them  refer  to  Indiana  birds. 

1827-49.  Audubon,  J.  J.  Birds  of  America.  4  v.  doub.  elephant  folio. 
London.    4r>5  colored  plates.    Original  edition  colored  plates. 

1831-49. ^Ornithological  Biography,  or  an  account  of  the  habits  of  the 

birds  of  the  United  States  of  America;  accompanied  by  descriptions  of 

the  objects  represented  in  the  work  entitled  the  Birds  of  America. 

5  vols.,  royal  8  vo.    Edinburgh,  1831-49. 

The  original  edition  of  the  text  to  Audubon's  great  worlE,  •*  The  Birds  of  America." 

Very  valuable.  A  copy  at  the  Larkiuj?  sale,  May,  1892,  brought  €345.  A  copy  is  quoted 

in  (Juariith'8  last  oatalogue.  May,  Ih"^.  at  C3&0. 

1831.    Orofirhan,  Ool.   Qeorge.     Journal  of   Col.  Croghan,  Monthly 
American  Journal  of  Geology  and  Natural  Science.    Philadelphia,  De- 
cember, ISol. 
Mentions  the  occurrence  of  some  birds  in  Indiana. 

IS'M.    Butler,  Mann.    History  of  Kentucky.    Louisville,  1834. 

Contains  a  copy  of  the  Journal  of  Col.  Croghan  down  the  Ohio  in  1765.    Refers  lO 
Indiana  birds. 

1840  44.  Audubon,  J.  J.  The  Birds  of  America.  From  drawings  made 
in  the  United  States  and  their  Territories.  By  John  James  Audubon. 
Philadelphia:  J.  B.  Chevalier,  1840-44.     7  vols. 

1840.    Croghan,   Qeorgre.     Journal  of  George  Croghan.     The  Olden 
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Time,  a  monthly  publication  devoted  to  the  preservation  of  documents 
and  other  authentic  information  in  relation  to  the  early  explorations 
and  the  settlement  and  improvement  of  the  country  around  the  head  of 
the  Ohio.  Edited  by  Neville  S.  Craig,  Esq.  Two  vols.,  small  4to.  Pitts- 
burg, 184(>-48. 
1856.  Haymond,  Rufus,  M.  D.  Birds  of  South-eastern  Indiana.  Proc. 
Academy  of  Natural  Science,  Philadelphia,  vol.  VIII,  1^56,  pp.  286-298. 
A  list  of  birds  observed  In  the  Whitewater  valley. 

1868.  Allen,  J.  A.  Notes  on  birds  observed  in  Western  Iowa,  in  the 
months  of  July,  August  and  September;  also  on  birds  observed  in 
Northern  Illinois  in  May  and  June,  and  at  Richmond,  Wayne  county, 
Indiana,  between  June  3d  and  10th.  Memoirs  Boston  Soc.  Natural 
History,  vol.  I,  pt.  IV,  Art.  XII,  December  1868,  pp.  488-526. 

Also  issued  separately.    Mentions  72  Indiana  species.    • 

1869.  Haymond,  Rufus.  Birds  of  Franklin  county,  Indiana.  First 
Annual  Report  of  the  Geological  Survey  of  Indiana,  made  during  the 
year  1869,  by  E.  T.  Cox,  State  Geologist,  1869,  pp.  209-3;^. 

Also  issued  bound  with  Agricultural  Report  of  the  same  year,  entitled  Indiana  Agri- 
cultural and  Geological  Report  1869,  etc. 

1874.  Kirtland,  J.  P.  Letter  from,  dated  1857,  mentioning  various 
Indiana  birds.    Proc.  Cleveland  Acad.  Nat.  Science,  1874,  pp.  131-132. 

1874.  Ridgrway,  R.  The  Wabash  valley  and  its  avian  fauna.  Proc. 
Boflton  Soc.  Nat.  Hist.,  vol.  XVI,  pp.  303-332. 

The  lower  Wabash  valley  considered  in  its  relation  to   the 

faunal  districts  of   the  Eastern  regions  of   North  America,  with  a 

synopsis  of  its  avian  fauna,  by  Robert  Kidgway.  Boston,  1874,  pp.  31. 
Repaged  edition  of  the  above. 

1874.  Ooues,  Elliott.  Birds  of  the  Northwest,  a  handbook  of  the  Ornl- 
thoU)gy  of  the  region  drained  by  the  Missouri  river  and  its  tributaries. 
Dept.  of  the  Interior,  U.  S.  Geol.  Survey  of  the  territories.  Miscellan- 
eous Publications,  No.  3,  1874. 

1876.  Jordan,  David  Starr.  Manual  of  the  vertebrates  of  the  North- 
ern United  States,  including  the  district  east  of  the  Mississippi  river 
and  north  of  North  Carolina  and  Tennessee,  exclusive  of  marine  species, 
by  David  Starr  Jordan,  Ph.  D.,  M.  D.,  Professor  of  Natural  History  in 
N.  W.  C.  University,  and  in  Indiana  State  Medical  College.    Chicago^ 

Jansen,  McClurg  &  Co.,  1876. 

Refers  to  a  number  of  Indiana  birds.    A  second  edition,  dated  1878;  a  third,  1880;  a 
fourth  in  1888. 
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187G.    Smith,   Q    Aug.     Birds  of    Ft.    Wayne,  Indiana.     Forest  and 
St^am,  vol.  XI,  1S7(),  pp.  148. 
Fifty  8i>ecie8  mcutioned,  Rome  by  error. 

187().    Coues,  Elliott.     Peculiar  nesting  site  of  Bank  Swallow,   (i.  «., 
NtlgklopUryx  fn'irifnn^vh).     Bull.  Nuttall   Orn.  Club,  vol.  I.  1870,  p.  96. 

1876.    Haymond,  R.     Notes  on  the  B^nk  Swaliow,  (j.  f.,  Stely^idopteryx 
$tTri}>enttn).     VWXd  and  Forest,  vol.  I,  1876,  No.  11,  p.  88. 

1876.    Ooues  Elliott.    Notable  chai  ge  of  habit  of  the  Bank  Swallow,  (i. 

e  ,  SteUiid<t])ifnjx  tfetript^niiH).      American   Naturalist,  vol.   X,   1876,   pp. 

49:J-492. 
1S76.    Nelson,   E.  W.      Additions  to  the  avifauna  of   Illinois,   with 

not*  s  on  ot  hi  r  8pe«  ii  s  of  Illinois  birds.     Bull.  Nuttall  Orn.  Club,  vol.  I, 

1S76,  pp.  :i9-44. 

Noies  Homi  observations  on  the  \Viiba««h  fiver. 

The  l/ouisiana  Heron  in  Indiana.    Bull.  Nuttall  Orn.  Club,  vol. 

II,  1.S77,  p.  51. 
Birds  of  Nortl'eastem   Illinois.    Bull,  of  the  £8sex  Institute, 


vol.  VI ir,  1877,  pp.  0()-l55. 

Some  ob'>ervHtioii8  noted  aboiii  the  southern  en«1  of  Lake  Miehii?an  along  the  Indiana 
and  Illinois  lino. 

Notes  upon  birds  observed  in  Southern  Illinois  between  Jul v 


17  and  Sfp'«-mb»r  4,  187.").     Ball,  of    the  Essex  Institute,     vol.   IX, 

1877,  pp.  32-(;.'). 

I'art  of  the  observntlons  ma«ie  on  the  Wabash  river  and  part  on  tlie  White  river. 

1877.  OologJst  (A.  W.  Butler).    The  nesting  of  the  Wood  Pewee.    The 
O.lopiHt,  v.'l.  Ill,  1877,  p.  :57. 

1877     Lani  don,  Frank  W     A  catalogue  of  the  birds  in  the  vicinity  of 

Cincinnati,  Frank  \V.  Langdon,Sdlt*m,  Mass.    Naturalists' Agency,  1877, 

pp.  18. 

M»'iiti»)ns  "cvorHl  observations  on  Indiana  bird>i. 

1878.  Ridgwey,  Robert.     A  review  of  the  American  species  of  the 
genus  ^vo\)s  Sarigny.     Proc.  U.  8.  National  Museum,  vol.  I,  1878,  pp.  85- 
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Notes  tho  results  of  observations  on  ihe  di  hromatic  phrases  of  Scops  o$io.    In  part 
niiide  in  Indiana. 

1878.     Brewster,  William.     The  Prothonotary  Warbler.    Bull.  Nuttall 
Orn.  Club,  vol.  Ill,  1^<7S,  pp.  153-162. 
liascii  •  n  ob'^ervaiions  made  in  Knox  and  Gibson  counties,  Indiana. 

1878.    Ridgrway,   Robert.    Notes  on   birds  observed  at  Mt.   Carmel, 


Ill 

Southern  Illinois,  in  the  spring  of  1878.    Bull.  Nuttall  Orn.  Club,  vol. 

III,  1878,  pp.  ir,2-l()6. 

Based  in  part  upon  observations  in  the  Cypress  Bwamp  in  Indiana. 

1878.  Allen,  J.  A.  Early  nesting  of  the  Shore  Lark  near  Indianapolis. 
Bull.  Nuttall  Orn.  Club,  vol.  Ill,  1878,  p.  189. 

1878.  Cones,  Elliott.  Birds  of  the  Colorado  valley.  Dept.  of  the  In- 
terior r.  »S.  Geol.  Survey  of  the  territories.  Miscellaneous  Publications, 
No.  11.    Part  First,  Passeres  to  Laniidro.     1878. 

1879.  Langdon,    Frank  W.      A  revised    list    of    Cincinnati   birds. 

Journal  Cincinnati  Soc.  Nat.  Ilist.,  vol.  II,  1879,  pp.  1-27. 
Mentions  Heveral  Indiana  birds. 

1880.  Ridgway.  Robert.  On  six  species  of  birds  new  to  the  fauna  of 
Illinois,  with  notes  on  other  rare  Illinois  birds.  Bull.  Nuttall  Orn. 
Club,  vol.  V,  1880,  pp.  :)0-32. 

Notes  the  occurrence  of  If/is  alfm  at  Ml.  Carmel,  Illinois. 

1880.  Bray  ton,  Alembert  W.  A  catalogue  of  the  birds  of  Indiana, 
with  keys  and  descriptions  of  the  groups  of  the  greatest  interest  to  the 
Horticulturist,  by  Alembert  W.  Brayton,  B.  S.,  M.  I).  Transactions 
Indiana  State  Horticultural  Society  for  1879,  pp.  87-165. 

1880.  Allen,  J.  A.  Review  of  Brayton's  catalogue  of  the  birds  of 
Indiana.    Bull.  Nuttall  Orn.  Club,  vol.  V,  1881,  pp.  174-175. 

1880.  Langdon,  Frank  W.  Ornithological  field  notes,  with  five  ad- 
ditions to  the  Cincinnati  avi-ftiuna.     Journ.  Cincinnati  Soc.  of  Nat. 

Hist.,  vol.  Ill,  ISSO,  pp.  121-127. 

Contains  several  notes  on  birds  of  Franklin  county,  Indiana. 

1881.  Quick,  B.  R.  Catharista  atrata  LesB.  Journ.  Cincinnati  Soc.  Nat. 
Hist.,  vol.  IV,  1881,  p.  340-:i41. 

Two  specimens  noted  near  Brook ville,  Indiana. 

Chen  hyperboreus  Boie,    Journ.  Cincinnati  Soc.  Nat.  Hist.,  vol. 

IV,  1881,  p.  341, 

Speeimens  taken  near  Hrookville.  Indiana. 
1881.    Langdon,  P.  W.    Zoological   Miscellany — Ornithology.    Journ. 

Cincinnati  Soc.  Nat.  Hist.,  vol.  IV,  1881,  pp.  337-341. 
Contains  several  Notes  from  Brookville,  Indiana. 

1881.  Ridgway,  Robert.  A  catalogue  of  the  birds  of  Illinois.  Bull. 
No.  4,  Illinois  State  Laboratory  of  Nat.  Hist.,  May  1881,  pp.  l('>3-208. 

Mentions  the  occurrence  of  the  Louisiana  Heron  (.1  tricoUrr  rnficolUs  Gosae)  in  Indiana, 
etc. 

Notes  on  some  of  the  birds  observed  near  Wheatland,  Knox 

county,  Indiana,  in  the  spring  of  1881.    Bull.  Nuttall  Orn.  Club,  vol. 

VII,  1882,  pp.  15-33. 
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1S82.    LiinffdoQ,  P.  W.     DLchromatism  in  the  Screech  Owl  {Scftps  atio 

Bp).    Journ.  Cincinnati  Soc.  Nat.  Hist.,  vol.  V,  1882,  pp.  52-53. 
Refers  to  several  IndianH  Hpecimens. 

1882.    Liangrdon,  F.  W.    A  synopsis  of  the  Cincinnati  fauna.    Zoological 
Miscellany,  Journ.  Cin.  Soc.  Xat.  Hist.,  Vol.  V,  No.  3,  pp.  185-194. 
Includes  birds. 

1882.  Quick,  B.  R.  Winter  Birds  of  1880  and  1881  on  the  White  Water. 
Journ.  Cincinnati  Soc.  Nat.  Hist.,  vol.  V.,  1882,  pp.  54-56. 

Ornithological  Notes  from  Brookville,  Indiana.  Journ.  Cin- 
cinnati Soc.  Nat.  Hist.,  vol.  V.,  1882,  p.  192. 

1882.  Butler,  A.  W.  The  Birds  of  Franklin  county,  Indiana.  Atlas  of 
Franklin  county,  Indiana,  etc.,  J.  II.  Beers  &  Co.,  Chicago,  1882,  pp. 
11-12. 

Ornithological  Notes  from  Brookville,  Indiana.  Journ.  Cin- 
cinnati Soc.  Nat.  Hist,  vol.  V,  18S2,  pp.  192-193. 

1882.    Quick,  E.  R.     Brookville  (Indiana)   Notes.     Journ.  Cincinnati 

Soc.  Nat.  Hist.,  vol.  V,  pp.  93-95. 

Appears  under  the  caption  "  Ornittaologry  "  under  "  ^^oological  Miscellany." 

1882.  Wheaton,  J.  M.,  M.  D.  Report  on  the  birds  of  Ohio.  Report 
of  the  Geologiciil  Survey  of  Ohio,  vol.  IV  ;  Zoology  and  Botany,  Part  I ; 
Zoology,  Section  II,  Columbud,  Ohio,  1882,  pp.  187-028. 

Notes  several  observations  on  Indiana  birds. 

1883.  LanRdon,  F.  W.,  M.  D.     Bibliography  of  the  Cincinnati  fauna. 

Journ.  Cincinnati  Soc.  Nat.  Hist.,  vol.  VI,  1883,  pp.  5-53. 
Mentions  several  ])Ui>licationK  on  Indiana  birds. 

1883.  Evermann,  B.  "W.  Notes  from  Bloomington,  Indiana.  Vol.  VIII, 
pp.  27-28. 

1884.  Butler,  A.  "W.  Local  Weather  Lore.  The  Meteorological  Jour- 
nal, Dec.  1884,  pp.  313-316. 

Relating  to  birds. 

Local  Weather  Ix)re.    Proc.  A.  A.  A.  S.,  voL  XXXIII,  1S84, 

pp.  C09-(>03. 
.\bstract  from  above. 

The  CaTulean  Warbler.     Ornithologist  and  Oologist,  vol.  IX, 


1884,  pp.  27-28. 
1884.    Evermann,  B.  "W.     Arrivals  of  birds  at  Camden,  Indiana,  1894. 

Ornithologist  and  Oologist,  vol.  IX,  1884,  p.  74. 
1884.    Noe,  Fletcher  M.  Chimney  Swallows.  Ornithologist  and  Oologist, 

vol.  IX,  1884,  p.  104. 


\ 
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1584.  EvermaDn,  B.  W.  Bird  Migration.  Am.  Field,  vol.  XXI,  pp. 
544-545. 

1884.  Noe,  Fletcher  M.  Are  Owls  beneficial  to  the  Farmer;  also  notes 
on  the  species  in  Indiana.    Indiana  Farmer,  July  5,  1884. 

1885.  Sharpe,  R.  Bowdler.  Catalogue  of  the  Passeriformes  or  Perch- 
ing birds  in  the  collection  of  the  British  Museum,  etc.,  vol.  X.,  London, 
1885. 

Contains  a  number  of  Indiana  references,  including  Gcothlypis  macgillivrayi  {'■)  from 
Woif  lake,  Indiana.  This  series  of  publications,  which  began  to  be  issued  in  1874, 
and  is  still  being  published,  contains  a  number  of  references  to  Indiana  birds. 

1585.  Noe,  Fletcher  M.  Red  Crossbill  in  Indiana.  Ornithologist  and 
Oalogist,  vol.  X.,  1885,  p.  32. 

1885.    But  er,  A.  W.     The  Cuckoo.    Indiana  Farmer,  April  1885,'  p.  14. 

Observations  on  faunal  changes.      Bull.  Brookville,  Soc.  Nat. 

Hiat.  No.  1,  p.  5-13 

Includes  note  on  birds  which  were  republished  in  Ornithologist ^uid  Oologlst,  vol. 
X.,  1885.  pp.  9&-9<». 

Observations  on   faunal  changes.     Ornithologist  and  Oologist, 


Vul    X.,  1885.  pp.  98-99. 
Reprint  of  last 

1885.  Noe,  Fletcher  M.  The  valtfe  of  birds  as  insect  destroyers.  In- 
diana Farmer,  Jan.  17,  1885. 

isa5.  Evermann,  Barton  "W.  A  day  with  the  birds  of  a  Hoosier 
swamp.    Ornithologist  and  Oologist,  vol.  XT,  1886,  p.  99. 

1S86.  Butler,  Amos  W.  A  list  of  birds  observed  in  Franklin  county, 
Indiana.    Ball.  Brookville,  Soc.  Nat.  Hist.  No.  2,  1886,  pp.  12-39. 

1886.  Blatchley,  W.  S.  Winter  birds  of  the  vicinity  of  Bloomington 
Indiana.     Ilimsier  Naturalist,  l,pp.  169-171. 

1886.    Evermann,  B.  "W.     White  eggs  of  the  Bluebird.    Ornithologist 

and  O  logist,  vol  II,  1886,  p.  124. 
1886.    Noe,  Fletcher  M.    Notes  on  the  destruction  of  Indiana  birds  for 

millinery  purposes.    Indianapolis  News,  Feb.  22, 1886. 

Notes  on  Indiana  birds,  Indianiq>olis  News,  Feb.  27,  1886. 

1886.    A.  O.  U.     Check  list. 

The  code  of  nomenclature  and  check  list  of  North  American 

birds,  adopted  by  the  American  Ornithologists'  reunion  New  York,  1886. 
1886.    GrefiTGr,  J.  O.    letter.    Hoosier  Naturalist,  Vol.  I,  p.  155. 
1886     Butler,  A.  W.    The  periodical  cicada  in  Southeastern  Indiana. 

8 
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U.  S.  Dep't  of  Agriculture,  Division  of  Entomology,  Bulletin  No.  12, 

pp.  24-31. 

Refers  to  birds  known  to  eat  cicadas. 

1887.  Evermano,  B.  W.  Birds  of  Monroe  county,  Indiana.  The 
Hoosier  Naturalist,  vol.  II,  1887,  pp.  137-145. 

1887.  Evermann,  B.  W.  Some  rare  Indiana  birds.  American  Natu- 
ralist, Vol.  XXI,  1887,  pp.  290-2t)l. 

Bird  migration.    Popular  Science  Monthly,  April  1887. 

An  addition  to  the  list  of  birds  of  Monroe  county,  Indiana. 

Iloosier  Naturalist,  vol.  II,  1887,  p.  1()4. 

1887.  Ridgrway,  Robert.  A  manual  of  North  American  birds.  Phila- 
delphia.   18S7. 

1888.  Butler,  A.  W.  Tropical  Sojourners.  The  Agassis  Companion, 
vol.  III. 

Notep  on  the  range  of  the  Prothonotary  Warbler  in  Indiana. 

Ornithologist  and  Oologist,  vol.  XII,  1888,  pp.  ;^34. 
188S.    Bvermann,  Barton  "W.    Birds  of  Carroll  county,  Indiana.    The 

Auk,  vol.  V,  1888,  pp.  344-351  ;  continued  in  vol.  VI,  1889,  pp.  22-30. 

1888.  Butler,  Amos  W.  Notes  concerning  albinism  among  birds. 
Journ.  Cincinnati  Soc.  Nat.  Hist.  Jan.  1,  1888,  pp.  214-216. 

188S.  Noe,  Fletcher  M.  Do  English  Sparrows  protect  trees  from  insect 
ravages?    Indianapolis,  News,  June  15,  188k. 

1889.  Langfdon,  P.  W.,  M.  D.  On  the  occurrence  of  large  numbers  of 
sixteen  species  of  birds.  Journ.  Cincinnati  Soc.  Nat.  Hist.,  vol.  XII, 
1S89,  pp.  57-03. 

XotoH  the  unusual  abuntlauce  of   the  Rone  breasted  Grosbeak  at  Brookville,  Indi- 
ana, in  the  spring  of  ls85. 

1SS9.    Bvermann,  B.  W.    The  Wood  Ibis  of  Indiana.    The  Auk,  vol. 

VI,  1889,  pp.  1S0-1S7. 
1889.     Ridgrway,  Robert.    The  Ornithology  of  Illinois.    Natural  Hia- 

tor y  Survey  of  Illinois.   State  liaboratory  of  Natural  History,  S.  A.  Forbes, 

Director.     Part   1,  Descriptive  Catalogue,  by  Robert  Kidgway,  vol.  I, 

Springfield,  111.,  ISSi),  pp.  52()-VIII,  pis.  XXXII. 

The  present  volume  ends  with  Columbse.    ContuiuH  many  references  to  Indiana 
bir.ls. 

18S9.    Barrows,  Walter  B.     The  English  Sparrow  {Passer  domesiicM) 

in  North  Amorica,  especially  in  its  relations  to  agriculture.     Prepared 

under  the  directions  of  Dr.  C.  Hart  Merriam,  Ornithologist,  by  Walter 

B.  Barrows,  Assistant  Ornithologist.    Bulletin  No.  1,  V.  S.  Department 
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of  Agriculture,  Division  of  Economic  Ornithology  and  Mammalogy. 

Washington,  1801),  pp.  405  and  map. 
A  number  of  Indiana  observations  noted. 

1889.    DT^ght,  Jonathan,  Jr.    The  homed  Larks  of  North  America. 

The  Auk,  vol.  VII,  1890,  pp.  138-158  and  map. 
Notes  specimens  from  Indianapolis,  Indiana. 

1889.  Thompson,  Maurice.  Preliminary  sketch  of  the  Aquatic  and 
shore  hirds  of  the  Kankakee  region.  Rept.  Ind.  Geol.  Survey  1888,  pp. 
102-ir>4. 

1889.  Davie,  Oliver.  Nests  and  eggs  of  North  American  Birds.  4th 
Ed.  1892,  pp.  4554-12+11.     Three  previous  editions. 

1890.  Noe,  Fletcher  M.'  Wood  Ihis  in  Indiana.  Ornithologist  and 
Oologist,  vol.  XV,  p.  167. 

1891.  Butler,  Amos  W.    A  catalogue  of  the  hirds  of  Indiana.     Trans. 

Indiana  Hort.  Soc.  1890,  p.  1-135. 
Apendiz  C.    Also  seperately  printed. 

1891.    Butler,  Amos  W.    Our  Birds  and  what  they  do  for  the  farmer. 

Rept.  State  Board  of  Agl.  Ind.  1890,  pp.  113-125. 

A1»<)  issued  separately  in  pamphlet  form. 
1891.    Hasbrouck,   Edwin   M.    The  Carolina  Parquet  (Conw^us  cava- 

linenm).    The  Auk,  vol.  VIIT,  1891,  pp.  369-379. 
1891.    Allen,  J.  A.    Butler's  Birds  of  Indiana.    Review.    The  Auk,  vol. 

VIII,  p.  383. 

1891.  Hasbrouck,  Edvdn  M.  The  present  status  of  the  Ivory-billed 
Woodpecker  (CamjHphUvs  principalis).  The  Auk,  1891,  vol.  VIII,  pp. 
174-18(5. 

1892.  Butler,  Amos  W.  Notes  on  Indiana  birds.  Proc.  Ind.  Acad. 
Sci.  1891. 

Notes  on  the  range  and  habits  of  the  Carolina  Parakeet.    The 

Auk,  vol.  IX,  No.  1,  Jan.  1892,  pp.  49-56. 
1892.    McBride,  R.  "Wes.    Some  notes  on  the  birds  of  Indiana.    Proc. 

Ind.  Acad.  Sci.  1891,  pp.  1(56-169. 
1892.    Butler,  Amos  "W.    Some  notes  concerning  the  Evening  Grosbeak. 

The  Auk,  vol.  IX,  pp.  238-247. 
1892.    Noe,  Fletcher  M.    Note  on  White  Pelican.    New  Castle,  Ind. 

O.  and  ().,  vol.  VI,  p.  123. 
1892.    Ulrey,  A.  B.    Notea  on  the  American  Bittern  (Boiaurus  Imiigino- 

»\ui),    O.  and  ().,  vol.  XVII,  pp.  7(5-77. 
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1892.    Gould,  James  E.    Note  on  nesting  of  Bald  Eagle  at  English  Lake 

Ind.     0.  and  0.,  vol.  XVII,  p.  04. 
1892.    Kindle,   E.   M.     Arrivals  of  some  migratory  birds  of  Johnson 

county  Indiana*    Ornithologist  and  Oologist,  A'^ol.  XVI I,  p.  44. 

1892.  Bendire,  Charles,  Oapt.  U.  S  A.  Life  Histories  of  North 
American  Birds,  Smithsonian  Institution,  United  States  National  Mu- 
seum; Special  Bulletin  No.  1,  IS92. 

189:i.    Butler,  Amos  W.    Further  notes  on  the  Evening  Grosbeak. 

The  Auk,  vol.  X,  1893,  pp.  155-157. 
1S93.    Oook,  A.  J.    Birds  of  Michigan.    Bull.  94  Mich.  Agl.  College,  pp. 

1-148  Ist  PMitioii. 

1893.  Butler,  Amos  W.  Range  of  the  Crossbill  (Loxia)  in  the  Ohio 
valley  with  notes  on  their  unusual  occurrence  in  summer.  Proc.  Ind. 
Acad.  Sci.  1892,  pp.  (>:5-72. 

1893.    Cook,  A.  J.    Birds  of  Michigan.    Bull.  94  Mich.  Agl.  College,  pp. 

1-168,  2d  Edition.  • 

1893.    Fisher,  A.  K.,  M.  D.    The  Hawks  and  Owls  of  the  United  States 

in  their  relation  to  agriculture.    Bull.  No.  3,  Div.  Orn.  and  Mam.  U.  S. 

Dept.  Agriculture.     1893,  210  pp. 
1S93.    Cox,  Ulysses  O.    A  list  of  the  birds  of  Randolph  county,  Id<1. 

with  some  notes  on  the  mammals  of  the  same  county.    O.  and  0.,  vol. 

XVllI,  1893,  p.  2-3. 
1893.    McBride,  Herbert  W.    Letter.    Notes  on  Rose-breasted  Gros- 
beak in  Michigan  and  Indiana.    O.  and  O.,  vol.  XVIIl,  p.  47. 
1893.    Butler,  Amos  "W.    On  the  migration  of  birds.    Indiana  Farmer, 

Oct.  21,  1S93. 
The  range  of  Crossbills  in  the  Ohio  valley  with  notes  on  their 

unusual  occurrence  in  summer.    The  American  Naturalist,  vol  XXVIII, 

1894,  pp.  13G-14C. 

NOTES  ON  INDIANA  BIBDS. 
By  a.  W.  BiTLER. 
The  following  observations  are  supplementary  to  the  paper  on  the  Birds 
of  Indiana  published  in  the  Transactions  of  the  Indiana  Horticultural  So- 
ciety 1890: 
Ammodramm  leconkii  (Aud.).     Le  Conte's  Span*ow. 

Mr.  J.  K.  Beesley  took  a  specimen  of  this  species  from  a  flock  of  three 
or  four  sparrows,  possibly  of  the  same  kind  at  Lebanon,  Ind.,  March  3b, 
1892.    This  is  the  third  record  for  the  state. 
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Dendroica  dim)hr  (Vieill.).    Prairie  Warbler. 

Mr.  Beesley  took  two  or  them  at  Lebanon,  Ind.,  April  2f),  1892.  This  is 
the  fourth  locality  from  which  they  have  been  reported  in  the  state  and 
the  first  record  from  the  northern  half.  Another  record  however  has  re- 
cently come  to  hand.  Mr.  W.  0.  Wallace  took  one  specimen  May  2, 1892  at 
Wabash. 
Pendroica  tigrina  (Gmel.).    Cape  May  Warbler. 

The  spring  of  1892  this  species  was  comparatively  common  throaghout 
the  state.    Only  twice  have  they  heretofore  been  reported  in  any  numbers, 
and  never  so  numerously  as  last  year. 
Ardea  egretta  (Gmel.).    American  Egret. 

Rare  throughout  the  northern  part  of  the  state.     A  male  in  full  plu- 
mage was  killed  May  17,  1892  near  Frankfort,  Ind.    Detailed  information 
regarding  its  breeding  in  the  state  is  much  desired. 
Pelecanu.^  erythrorhynchw  Gmel.    White  Pelican. 

A  bird  of  this  species  was  killed  May  25,  1892  near  Bloomfield,  Greene 
county,  Ind. 
Botaurns  exilis  (Gmel.).    I>east  Bittern. 

One  specimen  was  taken  May  10  and  another  May  19, 1892  near  Lebanon, 
Ind.    I  am  informed  by  Mr.  J.  E.  Beesley  that  they  breed  in  that  vicinity 
but  not  abundantly.    Mr.  W.  O.  Wallace  took  two  specimens  at  Wabash 
eariy  in  May  1892. 
Clamjvla  hyemalis  (Linn.).    Old  Squaw. 

Mr.  Beesley  informs  me  that  a  bird  of  this  species  was  killed  near  Thorn- 
town,  in  May  1892. 
Phnlarojiiiii  hbatus  (Linn.).    Northern  Phalarope. 

A  pair  taken  in  Boone  county,  June  7,  18su  (Beesley).    This  is  the  sec- 
ond record  for  the  state.    The  specimens  and  those  of  the  next  spedes 
are  probably  now  in  the  state  collection  at  Indianapolis. 
Phalaropns  tricolor  (Vieill.).     Wilson's  Phalarope. 

A  pair  of  these  birds  taken  !May  9,  1SS9  in  Boone  county.    This  is  the 
first  record  from  that  part  of  the  state. 
Ariser  (dbifnms  gamfhli,    (Ilartl.).     Ameritran  White- fronted. Goose. 

One  was  killed  April  17,  1S?)l'  near  Peru.    (Beesley).    This  is  its  third  re- 
ported occurrence  in  the  state. 
Anhinga  auhinga  (Linn.).    Anhinga;  >Snake  bird. 

Mr.  Beesley  informs  me  that  he  killed  a  pair  of  these  birds  on  what  is 
known  as  the  "  Broad  cut  '^  of  the  canal  just  north  of  Indianapolis  in  1858. 
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This  is  the  first  record  from  the  state,  but  another  specimen  is  reported  to 
have  been  taken  since.    (Cat-birds  of  Ind.  p.  18). 
Phdlacrocorax  dUophux  florulanus  (Aud.).     Florida  Cormorant. 

The  same  gentleman  took  a  bird  of  this  species  near  Indianapolis,  May 
8,  1858. 
Tryngites  subruficoUia  (VieilL).    Buff- breasted  Sandpiper. 

Messrs.  C.  D.  and  L.  A.  Test  took  this  bird  Sept.  10,  1892  from  a  large 
shallow  pond  about  four  miles  northwest  of  Lafayette.   This  is  the  first 
reported  occurrence  of  this  bird  within  the  state. 
Micropalama  himaniopns  (Bonap.).    Stilt  Sandpiper. 

The  same  gentlemen  took  a  specimen  of  this  bird  from  the  same  locality 
Oct.  10,  1892.    This  is  the  first  time  it  has  been  reported  within  the  state. 
Through  the  kindness  of  the  collectors  this  specimen,  the  one  last  men- 
tioned and  Junvo  fnjemalis  shnfeldti  have  been  placed  in  my  collection. 
Colymhna  hoIhwUii  (Reinh.).     HolbttilPs  Grebe. 

Dr.  J.  L.  Hancock,  of  Chicago,  reports  having  identified  it  at  Wolf  lake, 
Ind.,  in  the  spring  of  188:5,  also  at  Park  Side,  111.,  April  29,  1883.    This  is 
the  only  reported  record  of  the  species  in  Indiana. 
Larus  philaifelphia  (Ord.).     Bonaparte's  Gull. 

Dr.  Hancock  informs  me  this  species  is  a  summer  resident  in  the  north- 
western part  of  the  state  where  it  frequents  the  large  lakes  in  early  spring 
and  later  breeds  in  the  small  inland  lakes. 
Sterna  antillarum  (Less.).     Least  Tern. 

Found  nesting  at  Wolf  lake.    Common  some  years  ago  but  now  rather 
rare.     (Dr.  J.  L.  Hancock). 
Aythya  marlla  nearctica  (Stejn.).    American  Scaup  Duck. 

Identified  April  9,  1887  at  Hammond,  by  Graham  Davis  (Dr.  Hancock). 
Ampelis  garrulm  Linn.    Bohemian  Waxwing. 

Dr.  Hancock  says :  "  A  flock  of  eight  of  these  birds  were  seen  feeding 
on  mountain  ash  berries  March  1,  1880  in  Chicago.  I  shot  two  specimens." 
CistothoTfis  HteUarw  (Licht.).    Short-billed  Marsh  Wren. 

Noted  at  Hammond,   Apr.  9,  1887  by  Graham  Davis  (Dr.  Hancock). 
Tringa  bairdii  (Coues).    Baird's  Sandpiper. 

A  specimen  taken  Aug.  26,  1893  by  W.  ( ).  Wallace  at  Wabash.  The 
The  first  Indiana  record. 

Nyctea  nyctea  (Linn.).    Snowy  Owl. 

A  specimen  taken  at  Cedar  Grove,  Franklin  county,  December  1893. 
This  is  a  rare  bird  in  the  southeastern  quarter  of  the  state. 
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( 'alcarins  lapponicus  ( Lin n . ) .    Lapland  Longspar. 

Has  been  taken  at  Wabash,  Ind.    One  specimen.    (Wallace). 
Dendroica  kirtlandi  Baird.    Kirtland's  Warbler. 

One  specimen,  Wabash,  Ind.,  May  1,  189.3  taken  by  W.  0.  Wallace.  This 
is  the  first  specimen  of  this  rare  warbler  reported  from  the  state.  Mr. 
Wallace  has  very  kindly  presented  me  with  the  specimen. 

The  species  was  described  from  a  specimen  taken  by  Dr.  Kirtland  near 
Cleveland,  O.    The  following  are  the  reported  records  of  its  occurrence : 

1.  At  sea  off  Abaco,  Bahamas,  by  Dr.  Samuel  Cabot,  second  week  in 
October,  1841. 

2.  Near  Cleveland,  0,,  by  Dr.  Dr.  J.  P.  Kirtland,  male,  May  15, 1851. 
Type  specimen. 

3.  Near  Cleveland,  ().,  by  R.  K.  Winslow,  female,  June,  18(>0! 

4.  Near  Cincinnati,  0.,  by  Charles  Dury,  male,  first  week  in  May,  1872. 

5.  Ann  Arbor,  Mich,  by  A.  B.  Covert,  female,  May  15,  1875. 

(i,  7.    Rockport,  Cuyahoga  county,  ().,  by  Wm.  and  John  Hall,  May,  1878. 

s.    Andros  Island,  Bahamas,  by  Charles  B.  Cory,  female,  Jan.  9,  1879. 

H.    Ann  Arbor,  Mich.,  by  A.  B.  Covert,  female.  May  1(>,  1879. 

10,  11.  Cleveland,  0.,  reported  by  Dr.  Langdon,  male  and  female.  May  4, 
12,  1880. 

12.  Battle  Creek,  Mich.,  male.  May  11,  1883,  now  in  U.  S.  National  Mu- 
seum. 

18.    St.  Louis,  Mo..  May  8,  1885.    Otto  Widmann. 

14.  Spectacle  Reef,  Mich.,  May  25,  1885.  Wm.  Marshall.  Struck  the 
light  at  Spectacle  Reef  light  house. 

15.  Near  Dublin  Gap  Springs,  Pa.,  June  25.,  1885.  Prof.  H.  J.  Roddy. 
He  says :    **  Saw  one  with  family.*' 

16.  St.  Helena  Island,  S.  C,  Apr.  27,  1880.  Walter  Hoxie.  Reports 
seeing  three  others. 

17.  Near  Fort  Meyer,  Va.,  Sept.  25,  1887.  Wm.  Palmer.  Another  seen 
a  week  later. 

18.  Ann  Arbor,  Mich.,  Apr.  or  May  1888,  female,  by  Mr.  Knapp. 

19.  Chester,  S.  C,  female,  Oct.  11,  1888.    L.  M.  Loomis. 

20.  Near  Minneapolis,  Minn.,  May  13,  1892,  male.    H.  M.  Guilford. 

21.  Wisconsin.    Dr.  P.  R.  Hoy.    Reported  seen. 

22.  Wabash,  Ind.,  May  1,  1893.    W.  0.  Wallace. 

The  winter  home  of  this  rare  and  narrowly  restricted  species  is  appa- 
rently the  Bahama  Islands.    It  has  been  taken  most  commonly  during  the 
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spring  migrations  near  Cleveland,  O.  and  Ann  Arbor,  Mich.  It  has  never 
been  taken  in  the  interior  of  the  United  States  during  the  fall  migrations. 
The  summer  home  of  this  warbler  would  seem  to  be  northern  Michigan 
and  Wisconsin  or  north  thereof  and  possibly  in  the  mountains  of  Penn- 
sylvania. The  line  of  its  spring  movements  seems  to  be  a  narrow  route 
from  the  Bahamas  past  the  western  end  of  Lake  P^rie  toward  Lake  Su- 
perior. Perhaps  the  return  migration  may  be  over  the  same  route  but  it 
is  possible  this  may  be,  in  whole  or  in  part,  farther  to  the  eastward  pass- 
ing down  the  coast  after  it  reaches  the  Atlantic. 

Its  distribution  is  very  remarkable.  Yet  there  seems  to  be  an  effort  on 
the  part  of  other  species  to  follow  a  line  remarkably  similar  to  that  noted. 
From  the  northwest  into  South  Carolina,  even  to  the  coast,  there  seems  to 
be  a  migration  route  analagous  to  this.  Along  it  would  seem  to  move, 
in  a  southeastly  migration,  such  forms  as  Brewer's  Blackbird,  Yellow- 
headed  Blackbird,  I^conte's  Sparrow,  Prairie  Homed  Lark,  typical  plains 
forms. 
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PRELIMINARY  LIST  OF  INDIANA  MAMMALS. 

1.  DidelphU  rirffinianaHhsiW,    Common  Opossum. 
Randolph  county  (Cox). 

Wabash  county.    Specimen  in  Galbraith's  collection. 
Benton  county.    One  sent  me  from  there  the  winter  of  1889-?K). 
Carroll  county,  Vigo  county,  Monroe  county.    I  have  seen  it  in  all  of 

these  counties  (Kvermann). 
Parke  county.     W.  S.  Blatchley^s  brother  caught  seven  in  one  night  the 

fall  of  18VX)  near  Rockville.     Very  plenty  (M.  II.  Anderson).    Many 

are  brought  in  every  winter  to  the  market  at  Terre  Haute. 
Pike  county.     (Abundant),  Indiana  Farmer. 
Howard  county.    Formerly  abundant  until  the  winter  of  1855-6,  when 

they  were  almost  exterminated  l)y  severe  winter.    Since  that  time 

have  been  very  scarce.    One  seen  winter  of  188o-(>  (A.  W.  Moon). 
Huntington  county.     Wm.  E.  Bardsley  reports  an  opossum  killed  near 

Pleasant  Plain  the  winter  of  1892-3. 
Hendricks  county,    l-nusually  abundant  near  Hadley  winter  of  1892-3. 

Reported  in  Indiana  Farmer,  Feb.  4,  1893,  (A.  Hadley). 
Franklin  county.    Have  not  been  noticeably  abundant  for  a  number  of 
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years,  until  1892,  when  quite  a  number  were  reported,  even  coming 

into  Brookville  and  killing  poultry. 
Miami  county.    Abundant  until  the  winter  of  1854  (I  think  it  was). 

Only  a  few  have  been  seen  since  (Oliver  Borden). 
Porter  county.    Opossums  are  becoming  numerous  in  this  section  of 

the  state  (R.  B.  Trouslot). 
St,  Joseph  county.    A  number  found  winter  of  1892-3  (H.  H.  Swain). 
Dr.  Jordan,  in  his  Manual,  says  the  first  toe  is  without  a  claw.    I  have  a 
specimen  that  has  a  well-developed  claw  on  each  of  the  first  three  toes 
(Evermann). 

2.  Lepus  sylvaticus  Bachman.    Cotton-tail. 

Abundant  all  over  the  state.  Two  young  ones  found  at  Brookville, 
January  8,  1890. 

3.  Lepiis  cwnpestris  Bachman. 

Mr.  Chas.  L.  Reynolds,  of  Frankfort,  informs  me  that  he  mounted  one 
that  was  taken  near  Chauncy,  in  the  summer  of  1888.  The  speci- 
men is  now  in  the  possession  of  Mr.  Max  Spring,  a  stationer,  of 
La  Fayette. 

In  the  winter  of  1876-77,  I  was  told  that  an  unusual  rabbit  was  dbught 
near  Prince  William,  in  Carroll  count^^  (Evermann). 

4.  Erethizon  dorsaim  (L.).    Canada  Porcupine. 

.  Mr.  C.  L.  Reynolds  says  he  saw  a  porcupine  on  the  Wild  Cat  creek,  near 
La  Fayette,  about  eleven  years  ago.  Dr.  Raymond  gives  it  in  his  mam- 
mals of  Franklin  county.  Mr.  E.  R.  Quick  reports  it  having  occurred 
several  years  since.  My  mother  gave  me  a  vivid  account  of  a  fight  be- 
tween a  dog  and  a  porcupine  which  she  witnessed  in  Franklin  county 
forty  or  more  years  ago  (Butler). 
La  Grange  county  (S.  D.  Steininger,  1860-1870). 
Huntington  county.    Formerly  observed;  none  reported  in  past  seven 

or  eight  years  (W.  E.  Bardsley). 
Grant  county.    In  the  fall  of  1892  a  fine  specimen  of  the  porcupine  was 

taken  near  Marion  (E.  L.  Guthrie).  ^ 

Randolph  county.  Quite  common  twenty  years  ago,  now  not  found 
(Cox). 

5.  Zapua  hudsonicus  (Zimm.).    Jumping  Mouse. 

Mr.  A.  J.  McCarthy,  of  Burlington,  Carroll  county,  says  in  the  spring 
of  1890  he  caught  three  mice  that  had  very  lung  tails  and  very  long 
hind  legs,  but  short  fore  legs.    They  were  seen  by  J.  M.   Beck  also. 
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They  are,  apparently,  jumping  mice.  Mr.  A.  B.  Tlrey  reports  a  speci- 
men trom  Wabash  county  in  Mr.  Galbraith!s  collection. 

La  Grange  county.    According  to  8.  D.  Steininger. 

Reported  by  Ernest  W.  Vickers  from  Mahoning  county,  Ohio. 

Vigo  county.    Terre  Haute,  1889  ( W.  S.  Blatchley). 

Stark  county.  Rather  common,  frequenting  wild  sod  (Amos  P.  At- 
wood). 

Knox  county.  Not  uncommon,  especially  in  the  low  prairie  lands 
along  the  Wabash  river  (J.  M.  Risley). 

Howard  county.    Rare.    Only  two  seen  in  a  lifetime  (Isaac  F.  Street). 

6.  Geomys  Inirsarius  (Shaw).    Pocket  Gopher. 

Mr.  W.  W.  Archibald,  of  Newton  county,  tells  that  "  a  brown  pouched 
gopht-r  in  found  in  that  county,  but  it  is  not  common  "  (Evermann). 

7.  Fiber  zibeth kits  (L.).     Muskrat. 

Carroll,  Monroe,  Franklin  and  Vigo  counties.  It  seems  common  in 
Vigo  county.  In  the  Five-mile  pond,  n»-ar  Terre  Haute,  I  counted 
140  houses  the  other  day,  and  in  the  Goose  pond,  ten  miles  south  of 
Terre  Haute,  I  have  seen  many  houses.  A  trapper,  near  the  (roose 
pond,  told  me  that  for  several  years  he  had  caught  about  160  each 
year  at  this  pond  (Evermanu). 

La  Grange  county  (S.  D.  Steininger). 

Wabash  county  (Ulrey). 

Randolph  county  (Cox).    Common. 

Fayette,  Fulton  and  Marshall  counties. 

Ttie  paper  by  one  of  the  authors  on  the  habits  of  the  muskrat,  pub- 
lished in  the  American  Naturalipt,  November,  1885,  gives  the  result  of 
the  observations  of  the  writer  in  the  White  W^ater  valley. 

8.  Sunaptomyficooperi  B&ird.     Lemming  Mouse. 

Franklin  county.  Identified  by  Dr.  Haymond  at  Brookville  thirty-five 
or  more  years  ago.  Its  range  appears  to  be  quite  restricted.  It  has 
been  found  on  Brown's  hill,  southeast  of  Brookville,  and  along  the 
bluffM  for  a^  mile  and  a  half  northwest  of  Brookville.  From  the 
stomach  of  a  hawk  killed  in  the  eastern  part  of  the  county  was  ob- 
tained the  skull  of  one  of  these  mice.  This  moupe  is  considered  to 
be  quite  a  rare  mammal.  In  187S  Mr.  E.  R.  Quick  discovered  its 
presence  in  numbers. 

Brown  county,  Nashville,  (Jordan) 

Washtenaw  county,  Ann  Arbor,  Mich.    Taken  by  Prof.  J.  B.  Steere.  He 


informs  me  he  does  not  know  of  its  occurrence  elsewhere  in  the 
state.    At  Ann  Arbor  it  is  confined  to  a  very  restricted  locality. 

9.  Arvicola  pinatorum  {LeC).    Pine  Mouse. 

Franklin  county.  To  Mr.  Quick  belongs  the  credit  of  obtaining  the 
first  reported  pine  mice  from  Indiana.  In  certain  localities  they 
are  some  years  plentiful  enough. 

Vigo  county.    Terre  Haute,  Nov.  3,  1890;  spring  1891. 

Randolph  county.    Farmland,  Jan.  1891.    (IJ.  O.  Cox). 

Wabash  county.    One  specimen,  North  Manchester  (A.  B.  Ulrey). 

10.  Arvicola  avMeruB  (Le  C). 

Franklin  county.    A  few  specimens  have  been  taken,  but  it  does  not 

appear  to  be  abundant. 
Vitro  county.    Terre  Hautft,  May  1,  1891. 

11.  Arvicola  peiin^lvanicus  Or d.    Meadow  Mouse. 
Franklin,  Carroll,  Wayne,  Vigo  and  Randolph  counties. 
Apparently  common  wherever  reported.    The  most  common  meadow 

mouse. 
Clinton  county.    A  partial  albino  taken  by  C.  J.  Reynolds  at  Frank- 
fort in  1890. 

12.  MmmtitMJj.    Black  Rat. 

t 

Introduced  into  America  about  1544,  but  is  now  being  replaced  by  the 
succeeding.    Included  by  Dr.  Raymond  in  1869,  Franklin  county.   None 
have  been  reported  since. 
13    ifu8  f/^cnman((j<  Pallas.    Brown  Rat;  Norway  Rat. 

Our  common  rat.    Introduced  into  America  about  1775.    Appeared  in 
Brookville  in  the  summer  of  1827  (Haymond). 

14.  Mus  mu)M:ulus  {1j.).    House  Mouse. 

Our  common  species.     Introduced — cannot  learn  the  date  of  its  intro- 
duction. 

15.  EvoUnnys  riUilus  gapperi  {f)  Coues.    Long-eared  Mouse. 

There  is  a  specimen  in  the  collection  of  C.  L.  Reynolds  at  Frankfort 
which  seems  to  belong  to  this  species.    It  was  taken  near  Montmorenci, 
Tippecanoe  county,  in  1889. 
1().  Calomys  amerijcanus  Kerr.    Common  White-footed  Mouse. 

Carroll,  Monroe  and  Vigo  counties. 

I  have  ofti'n  caught  an  old  female  with  young  hanging  to  her  teata  and 
carried  her  by  the  tail  for  many  rods  before  the  young  would  drop  off. 

(Evermann). 
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La  Grange  county.   (Steininger). 

Franklin  county.  Very  common.  They  often  infest  the  dwellings  and 
outbuildings  of  the  country  residents.  Sometimes  nest  in  wood- 
pecker holes  or  other  cavity  in  an  old  snag. 

Randolph  county  (Cox). 

17.  Castor  jU)er  (L.).    Beaver. 

This  was  certainly  rather  common  in  Indiana  in  early  days.  "  Beaver 
lake  "  was,  no  doubt,  so  named  because  of  the  presence  of  beavers  there. 
Mr.  C.  L.  Reynolds  says  he  saw  a  beaver  swimming  in  the  Wabash  river 
about  twelve  miles  above  La  Fayette,  in  the  summer  of  J889.  He  says 
he  is  sure  of  it.  In  Sept.,  1888, 1  saw  a  skull  in  Mr.  Sampson's  collection 
at  New  Harmony,  that  was  taken  near  there  not  many  years  ago  (Ever- 
mann). 

Mr.  S.  I).  Steininger  says  there  are  traces  of  the  beaver  still  to  be  seen  in 
La  Grange  county. 

Beavers  were  formerly  found  in  some  numbers  in  Franklin  county. 
In  Bath  and  Springfield  townships  were  extensive  colonies,  and  the  re- 
mains of  their  dams  are  still  to  be  seen.  'They  were  also  found  along  the 
rivers.  In  the  spring  of  1S83  Mr.  Edward  Hughes  obtained  the  skull  of  a 
beaver  from  the  alluvial  deposit  at  the  mouth  of  Yellow  Bank  creek  four 
miles  from  Brookville.  The  specimen  is  in  the  collection  of  the  Brook- 
ville  Societv  of  Natural  Historv. 

Randolph  county.    Extinct.    Traces  of  beaver  dams  still  found  (Cox). 

18.  ArctomyH  monax  (Jj.),    Ground  Hog. 
Franklin,  Carroll,  Monroe  and  Vigo. 
Randolph  county  (Cox). 

Wabash  county  (Ulrey). 

I>a  Grange  county  (Steininger). 

Generally  very  abundant  and  very  destructive. 

19.  Spermophilm  trideceinlineatus  (Mitchill).    Striped  Gopher. 

In  the  summers  of  1S83  and  1881 1  saw  perhaps  three  or  four  individuals 
in  Tippecanoe  township,  Carroll  county,  just  west  of  Pittsburg.  In  Vigo 
county  it  seems  to  be  rather  common.  I  have  the  skin  of  one  taken  near 
Terre  Haute,  a  few  years  ago,  and  given  me  by  Miss  Ida  Lawrence.  Mr. 
W.  S.  Blatcliley  has  one  taken  just  north  of  Terre  Haute,  in  the  spring  of 
1H88.  Last  spring  I  saw  one  alive  southeat^t  of  Terre  Haute,  and  in  June 
last  I  saw  a  dead  one  hanging  on  the  fence,  five  miles  south  of  the  city. 

Miss  Helen  Rankin,  who  lives  three  miles  north  of  Terre  Haute,  tells 
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me  that  it  i8  Been  on  their  farm  every  summer.    [Evermann.] 

Mr.  C.  L.  Reynolds  has  one  that  was  taken  near  La  Fayette.  He  says 
he  has  seen  the  in  in  the  grounds  of  Purdue  University. 

Mr.  \V.  W.  Archihald  says  it  is  pretty  common  in  Newton  county. 

La  (grange  county  (Steininger). 

Benton  county.  Has  been  reported  from  both  Benton  and  White 
counties  by  Mrs.  D.  C.  Uidgley. 

White  county.  Mr.  Charles  Dury  informs  me  there  are  some  speci- 
mens in  the  Cuvier  club  collection,  Cincinnati,  Ohio,  that  were 
taken  at  Chalmers. 

Mr.  Jas.  O.  Dunn  reports  having;  kept  two  striped  gophers  in  a  cage  for 
nearly  a  v^ar. 

Dr.  C.  Hart  Merriam  informs  me  that  Robert  Potter  sent  him  a  speci- 
men of  this  species  taken  at  Austin,  Oakland  county,  Mich.,  and  farther 
that  he  received  a  specimen  from  J.  W.  Anderson,  Lakeville,  Oa^kland 
county.  Mich. 

Found  in  some  numbers  by  Dr.  R.  M.  Byrnes,  in  18(J2,  near  Middletown, 
Butler  county,  Ohio.  See  Langdon  Mammalia  of  the  vicinity  of  Cincin- 
nati. 

20.  S/fennop/iiinH  frartkUm  Sabine.     Gray  Spermophile. 
Remington,  Jasper  county.     Abundant. 
Montic'-llo,  White  county  (Jas.  O.  Dunn). 

This  is  the  first  reported  occurrence  in  Indiana.  Further  notes  on  its 
range  in  the  state  are  desired. 

Dr.  C.  Hart  Merriam  iaforms  me  that  the  U.  S.  Department  of  Agricul- 
ture received  a  specimen  of  IS.franklini  in  tiesh  from  R.  Carroll,  Earl  Park, 
Benton  county,  Indiana,  also  that  J.  B.  Chesebrough  reported  its  occur- 
rence at  Kentland,  Newton  countv.  Dr.  Merriam  writes  he  has  two 
records,  one  from  Robert  Potter,  Austin,  Oakland  county,  and  th^  other 
from  J.  W.  Anderson,  of  Lakeville,  Oakland,  county,  Mich. 

21.  lamias  iftriatiui  {[ J,).    Ground  Squirrel. 
Carroll  county.    Ahun<lant. 

Monroe  county.     Abundant. 

Vigo  county.     Abundant. 

Wabish  county  (A.  B   Ulr-'y). 

Randolph  county  (U.  O.  C'»x).    Common. 

Franklin  county  (Haymond;  Butler). 

La  Grange  county  (Steininger). 
9 
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22.  Sciunis  hudsonicus  Erxleben.     Red  Squirrel.    Chickaree. 
Miami  coanty  (J.  C.  Cunningham). 

Fulton  county.    Shot  one  near  Kewanna,  12-24-'89. 
Wabash  county  (Ulrey ;  Blatchley). 
Randplph  county  (Cox).    Occasionally  seen. 
Blackford  county  (Cox).    Abundant. 
Franklin  county  (Haymond). 
La  Grange  county  (Steininger). 

Huntington  county.    The  most  common  squirrel.    Some  neighbor  boys 
raised  fourteen  young  in  1892  ( W.  E.  Bardsley). 

23.  Sciurm  carolinensk  cardinensis  Allen.    Southern  Gray  Squirrel. 
Franklin  county.    Some  years  quite  common  in  this  part  of  the  state. 

Both  forms  are  found  here.    The  gray  squirrel  is  still  plenty  enoagh 
to  be  extensively  hunted. 

24.  Sciurm  carolinenm  Irucotis  Gapper.    Northern  Gray  Squirrel. 
Carroll  county.    Formerly  abundant. 

Monroe  county.    Not  common  now.  ,  • 

Vigo  county.    Not  common  now. 

Wabash  county  (Ulrey). 

Randolph  county  (Cox).    Common  in  places. 

Franklin  county  (Haymond).  • 

This  squirrel  is  now  much  less  common  than  it  was  fifteen  to  twenty- 
five  years  ago.  I  have  for  five  years  watched  the  Terre  Haute  market,  and 
in  all  that  time  I  have  not  seen  over  a  dozen  gray  squirrels,  while  hun- 
dreds of  fox  squirrels  were  seen.  The  few  gray  squirrels  that  I  did  see  in 
the  market  here  came  from  the  lower  Wabash  somewhere  (Evermann). 

La  Grange  county  (Steininger). 

This  form  with  the  other  is  found  in  Franklin  county,  though  the 
numbers  vary  from  year  to  year. 

I  myself  have  not  seen  a  black  squirrel  for  many  years,  though  they 
were  not  rare  in  Carroll  county  when  I  was  a  boy. 

It  is  now  agreed  that  the  Black  Squirrels  are  a  form  of  the  Northern 
Gray  Squirrel.  They  were  formerly  quite  common  in  southeastern  Indiana, 
but  are  now  never  seen.  The  lessening  of  the  numbers  of  this  form,  UucotiSj 
and  the  increase  of  the  numbers  of  the  southern  form,  caroliiienmj  is  noted 
by  most  of  the  inhabitants.  The  older  men  speak  of  the  disappearance  of 
the  black  and  of  the  gray  squirrels  "  we  used  to  have,"  and  of  the  ap- 
pearance of  the  reddish  gray  squirrels,  which  they  term  a  cross  between 
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the  gray  and  the  fox  8<iuirrels.  Dr.  Haymond,  18()9,  says  :  "  Years  ago 
there  were  about  one-fiixth  of  the  squirrels  in  southeastern  Indiana  black  ; 
in  northeastern  Indiana  nearly  half  of  them  were  black.  There  are  no 
black  squirrels  to  be  seen  in  southeastern  Indiana,  neither  has  there  been 
for  several  years.  *  *  The  further  north  I  have  gone  in  this  state  the 
more  black  squirrels  I  have  seen."  In  1872  the  last  black  squirrel  was 
seen  in  Franklin  county. 

I 

25.  Sciunis  niger  Ituiocicmniis  Allen.     Fox  Squirrel. 

Carroll,  Monroe  and  Vigo  cjunties.  Still  common  in  each  of  these 
counties. 

Wabash  county  (Ulrey).  One  in  Galbraith's  collection  with  the  under 
parts  black. 

Randolph  county  (Cox).  One  killed  near  Farmland  last  summer  that 
was  about  half  black.  An  uncle  of  Mr.  Ck>x,  several  years  ago 
found  a  nest  of  young  fox  squirrels,  of  which  two  were  red,  two 
white  and  two  black. 

Last  year  a  white  (albino)  squirrel  was  sent  me  from  Bloomington.  It 
was  taken  in  Brown  countv. 

Two  white  squirrels  were  seen  occasionally  on  Coal  creek,  in  Vigo 
county,  last  year. 

(^rEKY. — Do  we  not  find  melanism  and  albinism  in  both  gray  and  fox 
squirrels  ? 

Fox  squirrels  remain  about  stationary  as  to  numbers  in  Franklin  county. 
Generally  the  gray  eciuirrels  are  much  more  frequent.      Albino  examples 
are  met  with  almost  every  year. 
2().  Scluwpterus  wlans  (L.).    Common  Flying  Squirrel. 

Carroll,  Monroe  and  Vigo  counties.  I  have  never  found  this  squirrel 
ver}^  common  in  any  of  these  counties. 

April  Hi,  ls<>0, 1  found  a  nest  containing  two  young,  south  of  Terre  Haute. 
They  were  in  a  woodpecker's  hole  in  a  maple  snag,  about  twenty  feet 
from  the  ground.  I  broke  the  snag  at  the  hole  and  took  the  two 
young  and  placed  them  on  the  ground  near  the  root  of  the  tree.  The 
mother  had  come  out  of  the  hole  upon  my  first  striking  the  tree  and 
llown  to  another  tree  near  by,  where  she  remained,  watching  my  move- 
ments. After  some  little  time,  she  flew  back  to  the  snag.  Of  course,  she 
seemed  disturbed  by  the  changed  appearance  of  things.  She  looked  all 
about,  and  finally  came  down  to  the  ground,  took  one  of  the  young  in  her 
mouth,  and  ran  up  to  the  top  of  the  snag.    Pretty  soon  she  flew  acrosa  to 
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another  tree,  perhaps  thirty  feet  away,  with  the  young  one  in  her  mouth, 
and  ran  up  the  tree  to,  perhaps  a  height  of  fifty  feet,  where  she  found 
a  knot-hole  into  which  she  carried  the  young.  In  a  moment  she  reap- 
peared and  flew  back  to  the  snag  after  the  other  young.  I  had,  in  the 
meantime,  stationed  myself  by  the  young,  ready  to  catch  the  old  one 
when  she  came  to  seize  it.  After  several  advances  and  retreats,  she  finally 
came  and  seized  it  in  her  mouth  and  was  putting  up  the  snag  when  I 
caught  her. 

On  December  10,  1890, 1  received  three  live  ones  from  Burlington,  Car- 
roll county,  that  had  been  caught  by  J.  M.  Beck.    In  felling  a  tree  he 
found  a  family  of  Eix,  three  of  which  he  caught  and  sent  to  me. 
Randolph  county.    Mr.  Cox  reports  it  not  so  common  as  it  was  form- 
erly.   He  says  that  on  Thanksgiving  day,  a  few  years  ago,  he  found 
fifteen  in  a  small  rotten  stump,  a  little  higher  than  a  man's  head. 
Wabash  county  (Ulrey).    This  squirrel  makes  a  very  interesting  pet. 
Franklin  county.      Yery  abundant  in  Franklin  county.     They  breed 
during  the  sugar  making  season  in  early  spring.      It  is  remarkable 
what  a  number  of  these  animals  can  be  found  by^going  from  snag 
to  snag  and  pounding  upon  it  at  that  time  of  the  year.    I  have  found 
their  nests  in  woodpecker *8  holes  in  tall  sycamores  and  in  various 
buildings,  including  dwellings. 
La  Grange  county  (Steininger). 

27.  Blarina  brevicauda  Say .    Mole- shrew. 
Carroll,  Monroe  and  Vigo  counties. 
Tippecanoe  county.    (Re}nold8'  collection.) 

I  have  seen  a  good  many  of  these  shrews  in  Monroe  county,  and  a  few  in 
Carroll  and  Vigo.  On  two  occasions  I  put  a  shrew  and  a  white-footed 
mouse  in  the  same  tin  can,  with  the  same  result  each  time— the  shrew  ate 
the  mouse  (Evermann). 

La  Grange  county  (Steininger). 

Franklin  county.    Common. 

See  my  pap^-r  **  On  Indiana  Shrews,"  Proc.  Ind.  Academy  of  Science 
1801,  pp.  l()l-3,  for  an  account  of  the  insects  that  w^ere  found  by  Chas. 
Dury  in  a  nest  of  this  species.     (Butler). 

Vigo  county.    One  specimen,  spring  1891. 

Randolph  county,  1891  (Cox). 

28.  Blariaa  e.cilipes  (Baird). 

I  have  seen  but  four  specimens  of  this  little  shrew,  all  of  which  were 
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taken  by  Mr.  H.  M.  Hawley,  near  Terre  Haute.  The  first  one  waa  brought 
me  by  him  Jan.  18,  1890,  the  next  Oct.  1, 1800  and  the  next  Oct.  10, 1890. 
Mr.  Hawley  Bays  it  is  not  very  common  about  his  place,  but  that  his  cat 
manages  to  catch  four  or  tiv6  every  year.  He  calls  it  the  bee  mole,  because 
it  gets  into  his  bee  hives  and  there  builds  its  nest  and  feeds  upon  the 
brood  (Evermann). 

Franklin  county,    ^^ometimes  taken. 

Kandolph  county.    Farmland,  winter  1890  (U.  O.  Cox). 
29.  Blarina  plaiyrh  m<«  ( DeK . ) .    Com mon  Shrew . 

Wabash  county.    A  specimen  of  this  shrew  was  taken  by  Mr.  A.  B. 
Ulrey  at  North  Manchester.    This  is  the  only  reported  occurrence 
in  the  state. 
.'10.  Blarina  parva  (Say).    Least  Shrew. 

Franklin  county  (Butler). 

Two  small  shrews,  submitted  by  Mr.  E.  R.  Ouick  to  Dr.  Langdon,  were 
referred  to  Dr.  Coues.  That  gentleman,  Jan.  15,  1879,  wrote  Dr.  Langdon: 
*'*  I  have  not  the  slightest  doubt  that  you  have  the  veritable  animal  of  Say 
{Sorex  parva)  in  the  specimen  you  send."  It  is  not  uncommon  about 
Brookville. 

Marion  county  (Jordan).    Bray  ton,  Ohio  Mammals. 

Ann  Arbor,  Washtenaw  county,  Mich.    Reported  by  Prof.  J.  B.  Steere 
who,  however,  informs  me  that  he  is  not  certain  of  it^  identity. 

31.  Blarina  cinerea  (B&ch.),    Cinereus  Shrew. 

Jefferson  county.    A  dead  shrew,  found  by  me  near  Hanover,  in  1877 
was  referred  to  the  late  Prof.  S.  F.  Baird,  and  he  returned  it,  saying 
that  it  was  this  species. 

32.  Scalops  a/ptaticus  (L.).    Common  Mole. 
Carroll,  Monroe  and  Vigo  counties  (£). 
Tippecanoe  county  (Reynolds). 
Randolph  county  (Cox). 

Franklin  county  (Haymond  ;  Butler).    Many  moles  taken  here  are  more 

or  less  marked  with  white  on  throat  and  lower  parts. 
Rather  common  in  all  the  above  named  counties. 
La  Grange  county  (Steininger). 

33.  Condylura  rrisfaia  [L,.).    Star-nosed  Mole. 

The  first  specimen  of  this  mole  taken  in  Indiana  was  secured  by  Mr.  J. 
C.  Cunninpfham,  near  Denver,  Miami  county,  July  5,  1887.  The  tak- 
ing of  this  Hpecimen  was  reported  by  Mr.  Evermann  at  the  meeting  of  the 


Academy  in  December,  1887,  this  note  being  afterward  published  in  the 
American  Naturalist,  vol.  XXII,  p.  359.    Mr.  Butler  also  examined  the 
specimen  and  reported  it'in  Journal  of  the  Cincinnati  Soc.  Nat.  Hist,  for 
January,  1888,  p.  214.    The  specimen  was  deposited  in  the  Museum  of  the 
Indiana  State  Normal  School,  but  was  lost  in  the  fire  of  April  8,  1888. 
Miami    county.      Mr.    Wm.   Heddleson  near   Deedsville,    captured    a 
Star-nose  Mole,  March  19,  1894.    The  specimen  is  now  in  posses- 
sion of  Mr.  C.  F.  Fite  of  Denver.    (J.  C.  Cunningham). 
Ernest  W.  Vickers,  Ellsworth,  Mahoning  county,  Ohio,  informs  me  of 
the  occurrence  of  this  species  in  that  county,  also  in  Cuyahoga  county 
near  Cleveland. 

Prof.  J.  B.  Steere  informs  me  the  Star-nosed  Mole  is  abundant  at  Ann 
Arbor,  Mich,  in  low  swampy  ground  which  has  been  drained.    He  has 
also  taken  it  in  Ionia  county,  Mich. 
34.   Vespertilio  gryphm  Fr.  Cuv.    Little  Brown  Bat. 
Carroll  county,  Monroe  county,  Vigo  county.    Common  in  all  of  these 

counties.     (E.) 
Wabash  county.    Ulery's  collection. 
Tippecanoe  county.    Reynold's  collection. 
Clinton  county.    Collection  of  Mr.  Al.  Keyes. 
La  Grange  county  (Steininger). 

Franklin  county  (Haymond).    The  most  commoi^bat  in  southeastern 
Indiana. 
'>5.   Vf-^ertUio  gry/)hu.'<  lucifiigus  (heC), 

Vigo  county.    A  specimen  taken  at  Terre  Haute  in  1889.    (Evermann). 
'M\.  Laxionycteris  noctiragrant(  (Le  C).    Silvery  Bat. 
LaPorte  county.    I  have  a  specimen  taken  near  Michigan  Qjl^y,  May  10, 

1890,  and  presented  to  me  by  Mrs.  D.  C.  Ridgley. 
Franklin  county.    Has  been  taken  by  E.  R.  Quick. 
Marion  county.    Two  specimens  in  the  collection  of  W.  P.  Hay,  Irving- 
ton.    One  taken  in  188(5,  the  other  in  1889. 
l»7.  Adehmycteris  fusccH  (Beauv.).     Brown  Bat. 

Vigo  county.    A  specimen  taken  by  me  in  1889  at  Terre  Haute.    (Ever- 
mann). 
Franklin  county.     Identified  by  Mr.  Quick. 
38.  Atalapha  noreboracenHli*  Erxleben.     Red  Bat. 
Carroll  county,  Monroe  county,  Vigo  county.     Rather  common  in  all 
these  counties. 
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Wabash  county.     Tlrey's  collection.    Took  one  at  Terre  Haute,  Sept* 

S,  181K). 
Franklin  county  ^Raymond).    Next   to  the  Little   Brown  Bat  this  is 
perhaps  the  most  common  species  in  southeastern  Indiana. 
.'i'.>.  Atnlapha  cinerea  (Beauvais).     Hoary  Bat. 
White  county.    A  specimen  taken  in  White  county  (1890)  by  Miss  Eva 

Chamberlain. 
Franklin  county  (Haymond).    Has  been  taken  by  E.  R.  Quick. 
-K).    Ve^penujo  carol ineni^i$  {(jt^oQ.;.     Carolina  Bat. 

Franklin  county.     Identified  by  Mr.  Quick. 
41.  Cariar/<;»  t'fr//mmyif/H  (Boddjert).     Virginia  Deer. 
Commmon  in  the  early  days. 
Franklin  county   (Haymond— 1847,  Butler).    I  have  no  recent  records, 

unless  La  Grange  county,  1870,  (Steininger)  be  alright. 
Kipley  county.    Only  few  years  ago.    (Butler). 
4*2.  Cent's  canai^nixh  P>xleben.     Wapiti ;  Elk. 
Franklin  county.    Was  found  comparatively  rarely  in  the  White  water 
region  at  the  time  of  its  settlement  and  soon  after  disappeared.    I 
have   evidence  of  its  occurrence  in  Ripley  county  subsequent  to 
1810.    Its  former  abundance  was  indicated  early  in  the  century  by 
the  great  numbers  of  antlers  to  be  found  in  the  beds  of  the  streams 
most  of  which  soon  disappeared,  but  often  they  arelstill  found  buried 
beneath  the  surface  of  the  soil. 
4:>.  BuKtn  bison  {]j.).    Bison;  Buffalo. 

The  Buffalo  is  on  the  seal  of  the  state  of  Indiana,  and  was  n^  doubt  found 
in  the  state  in  an  early  day.  Allen,  in  Ninth  Report  of  the  U.S.  Geological  and 
Geographical  Survey,  1875,  pp.  502,  etc.,  gives  all  that  he  could  find  as  to  its 
former  distribution  in  North  America.  From  this  it  appears  that  it  was  at 
one  time  abundant  over  large  portions  of  Indiana.  Charlevoix,  writing  in 
1720,  says  "  all  the  country  that  is  watered  by  the  Onabache  and  by  the 
Ohio  which  runs  into  it,  is  very  fruitful.  'It  consists  of  vast  meadows, 
well- watered,  where  the  wild  Buffaloes  feed  by  thousands.^'  Vaudreuil, 
writing  about  the  same  time,  and  La  Ilontan  who  saw  Lake  Erie  and 
the  surrounding  country  in  1()87,  also  speak  of  the  I^uffalo  as  being  abund- 
ant in  this  region  then.  See  also  Audubon*s  article  on  the  Buffalo  given 
in  The  Life  of  Audubon  bv  Mrs.  Horace  St.  John. 
Franklin  county.  Only  the  earliest  settlers  and  they  but  once,  so  far  as 
can  be  learned,  reported  the  occurrence  of  the.Buffdlo  in  this  county 
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about  four  miles  southeast  of  Brookville.  The  last  one  rpported 
from  Ohio  ^as  in  1795.  They  doubtless  left  Indiana  about  1800. 
That  they  once  were  very  abundant  in  the  Ohio  valley  is  shown  by 
the  abundance  of  their  remains  at  *'  Big  Bone  Lick'*  in  Kentucky. 
The  earlier  explorers,  too,  tell  us  of  their  numbers.  Col.  Crog>  an,  in 
May,  1765,  speaking  of  Kentucky  just  below  the  mouth  of  the  Big 
Miami  river,  on  the  way  to  "  Big  Bone  Lick,"  says :  "On  our  way  we 
passed  through  a  fine  timbered  clear  woods :  we  came  into  a  large 
road  which  the  Buffaloes  have  beaten,  spacious  enough  for  two 
waj^gons  to  go  abreast,  and  leading  straight  into  the  Lick.'' 

44.  Procyon  loior  (L.).    Raccoon 

Carroll  county,  Monroe  county,  Vigo  county.    Formerly  more  common 

than  now. 
Wabash  county  (Ulrey).    Galbraith's  collection. 
Randolph  county  (Cox).    Very  abundant. 
Franklin  county.    Still  found  in  some  numbers. 
La  Grange  county  (Steininger). 

45.  Urms  americarwa  Pallas.    Brown,  Black  or  Cinnamon  Bear. 
Franklin  county.    No  doubt  common  in  Indiana  at  one  time,  but  there 

are  few  exact  records.    The  last  Bear  was  seen  in  Franklin  county 
about  1839.    A  few  years  ago  the  skull  of  a  bear  was  found  in  a  hol- 
low tree.    It  was  brought  to  Dr.  Haymond,  who  tarned  it  over  to 
Mr.  Butler.    It  is  now  in  Mr.  Quick's  collection. 
La  Grange  county,  1878  (Steininger). 

46.  Lutra  hucUonica  (Lac^pMe).    American  Otter. 

Franklin  county  (Raymond).  Mr.  C.  L.  Reynolds  tells  me  that  a  Mr. 
Wells,  at  La  Fayette,  has  an  otter  that  was  killed  near  there  not 
many  years  ago.  It  occurred  at  Venice,  Butler  county,  several  years 
ago.     (Dury.) 

47.  Mephltu  m*phii\ca  (Shaw).    Skunk. 

Carroll  County,  Monroe  county,  Vigo  county.  Not  uncommon  in  each 
of  these  counties,  though  less  so  than  formerly. 

Randolph  county.    Not  common.    (Cox). 

Wabash  county  (Ulrey). 

La  Grange  county  (Steininger). 

Franklin  county.  Still  abundant.  E.  R.  Quick  reports  the  capture  of  a 
fine  black  male  in  the  winter  of  1892-3.  This  seems  to  be  unasual 
as  the  general  impression  is  that  the  males  are  usually  light  col- 
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ored.    Is  this  impression  correct? 
4S.  Taxidea  am frtcana  {Boddivri),    American  Badger. 

One  was  killed  2  miles  east  of  Qaaker  Hill,  or  5  miles  southwest  of  New- 
port, Vermillion  county,  in  1SS(),  by  a  cousin  of  S.  B.  McCool  of  Qaaker 
Hill.  Reported  by  ^Ir.  F.  T.  Peters.  Mr.  S.  D.  Steininger,  says  '^the  bad- 
ger has  been  found  in  Elkhart,  La  Grange,  Steuben,  De  Kalb,  Noble  and 
Kosciusko  counties.  Four  have  been  caught  in  La  Grange  county  within 
the  last  ten  years,  the  last  one  in  1887.  Three  were  caught  in  the  north- 
east part  of  Elkhart  county  in  1888.  In  1S80  a  black  one  was  caught  in 
Noble  county,  the  hide  of  which  was  sold  to  Chaa.  Edson. 
(vrant   county.     A  badger  was  reported  taken  but  could  not  verify  it 

(E.  L.  Guthrie). 
Franklin  county.    July  28,  1889  a  badger  was  killed  near  Metamora. 

Upon  examining  it  the  gentleman  who  killed  it  said  two  others  had 

been  taken  the  ))receding  year  (1888). 

4H.  PutoriiiA  viHon  (Schreber).     Mink. 

Carroll  county,  Monroe  county,  Vigo  county.  I  have  seen  it  occasion- 
ally in  each  of  these  counties.    (Evermann.) 

Wabash  county  (Ulrey).    Galbraith's  collection. 

Randolph  county.  Common  (Cox).  Mr.  Cox  reports  that  a  mink  killed 
24  half-grown  chickens  for  him  in  one  night  two  years  ago.  Each 
chicken  was  bitten  only  through  the  head. 

Tippecanoe  county.     Reynold's  collection. 

La  (zrange  county  (Steininger). 

Franklin  county.  Not  uncommon  in  certain  locatities,  especially  about 
drift  pilf  s  along  streams.  Last  year,  1S1K{,  the  writer  saw  three  minks 
at  one  time  in  daylight  about  a  drift  pile  within  the  corporate  limits 
of  the  town  of  Brookville.  Put^riiu<  nigreKcns  (A.  and  B.).  Little 
Black  Mink  is  not  now  thought  to  be  a  distinct  species.  Both  forms 
are  found  in  Franklin  county. 
.*)().  PutorixH  erminea  (L.).     Weasel. 

Carroll  county,  1878;  Monroe  county,  188,;;  Vigo  county,  18i>0.  I  have 
seen  the  weasel  in  each  of  these  counties,  but  never  found  it  com- 
mon (Kvermanni. 

Wabash  county  (Tlrey).    Galbraith's  collection. 

Randolph  county  (Cox).    Occasional. 

La  ( f range  ( Stt- ininger). 

Franklin  county.    Not  uncommon.    Some  reported  every  year. 
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51.  Vufpes  viilpes  (L.).    Red  Fox. 

Carroll  county,  Monroe  county,  Vigo  county.  Rather  common  in  each 
ojf  these  counties.  In  Vigo  county  several  "fox  drives"  are  had 
every  winter  and  from  none  to  three  or  four  foxes  caught  each  time. 

Wabash  county  (Ulrey).    Galbraith's  collection. 

Randolph  county.    (Common.    Cox. 

La  Grange  county  (Steininger.) 

Franklin  county.  According  to  Dr.  Haymond  the  Red  Fox  came  into 
the  county  about  forty  years  ago.  Previous  to  that  time  the  gray 
form  only  was  found.  They  are  numerous.  Fox  drives  were  much 
in  vogue  a  few  years  ago  but  none  have  been  had  for  several  years. 

52.  Urocyon  cinereo-argentatns  (Schreber).    Gray  Fox. 

Franklin  county.  These  foxes  are  numerous;  probably  as  much  so  as 
they  ever  were.  (Haymond,  1809).  They  are  still  found  but  are 
rare.  Their  shy  habits  perhaps  make  them  appear  less  numerous 
than  they  are. 

53.  Canis  lupus  (Say).     Wolf. 

Periodical  reports  of  *'  wolves  **  are  heard,  but  there  is  no  definite  re- 
cord that  I  have  seen.    One  was  said  to  be  in  Clay  county  in  1890. 

Franklin  county.  Formerly  found  in  numbers.  Wolves  have  been  re- 
ported killed  within  twenty  or  twenty-five  years  but  the  greater 
number  had  disappeared  before  that  time. 

Lake  county.  Several  wolves  said  to  be  "  Prairie  Wolves  ''  found  along 
the  Kankakee  river  in  the  last  two  years.     (M.  A.  Brimnon,  1800). 

54.  Lynx  canaiJeimsi  (Desmarest).    Canada  Lynx. 

Mr.  (/.  L.  Reynolds  tells  me  he  mounted  a  Lynx  that  was  killed  in  1885. 
7  or  8  miles  west  of  Chauncey,  Tippecanoe  county. 
La  Grange  county,  1875  (Steininger.) 

Montgomery  county.    One  was  killed  Nov.  22,  1890  near  Garfield.    (Da- 
vid Binfojd.) 
Franklin  county.    Was  formerly  found  but  never  common. 

55.  Lynx  rufus  (Guldenstadt).     American  Wild  Cat. 

Franklin  county.    In  1869  Dr.  Haymond  noted  '^  occasionally  seen  but 
rare.''    That  was  about  the  end  of  their  existence  in   this  county. 
Wild  cat  reports  are  seen  in  the  papers  almost  every  winter.    Defi- 
nite records  are  needed. 
5H.  Felln  convolor  L.     American  Panther. 

Franklin  county.    Formerly  found.    Known  to  the  early  settlers  as  Pan- 
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ther,  Painter,  Cougar,  Catamount.  Never  was  common.  But  few 
have  been  seen  since  1835.  Two  young  were  taken  east  of  Brook- 
ville  in  183K.  None  have  been  reported  for,  thirty  years  or  more. 
Other  definite  records  needed. 


SpE(  IKS   rON(  KRMN(i    WHICH    KrRTIIKR     KXOWLElHiE    IS   DESIRVKLE    RKGAKDING 

TIIKIR    POSITION    IM   THE    IXDIAXA    FaINA. 

Nycticfjils  humeralin  O.  Thomas.  Twilijjht  Bat.  Pennsylvania  to  Nebraska 
and  South. 

Sca)^anilnautericanuiiil^^iriT^,v[i).  Hairy-tailed  Male.  Massachusetts  to  Ohio. 
Adams  county,  Ohio. 

Scdlop»  argeniatun  A.  and  B.  Prairie  Mole.  Silvery  Mole.  Michigan  to 
Louisiana  and  West. 

Neoi^orex  pnhiMrisiWxch.).  Water  Shrew.  Massachusetts  to  Kocky  Moun- 
tains and  North. 

Sorex  forstrri  (Kich.).     Forster's  Shrew.     Northern  U.  S.  to  Pennsylvania. 

Sorex  conjteri  Bach.    Cooper's  Shrew.  Massachusetts  to  Nebraska  and  North. 

lirarhyfforfx  harlani  f  Duver.) 

Brachf/Borex  hrevlcandiduA  (Duver.) 

.4  tnjthiwrex  lesenrii  ( 1  )uver. ) 
These  three  last  species  were  described  by  Duvernoy  in  1842.    The  two 

former  from  New  Harmony,  Ind.    The  latter  from  Wabash  valley,  Ind. 

Their  present  relationship  are  not  known. 

Ochrtodonhmnilh  (A.  and  B.).  Harvest  Mouse.  South  Carolina  to  Iowa, 
Utah  and  South. 

CaJomyspalnMrui  Harlan.  Rice- field  Mouse.  New  Jersey  to  Kansas  and  South. 
Madisonville,  Hamilton  county,  Ohio,  1S76  (I^ngdon). 

('alomifii  michhjanensis  (A.andB.).     Michigan  Field  Mouse.    Michigan  to 

Illinois  and  Kansas. 

('olomiis  anreolus  (A.  and  B.).  Red  Mouse.  Pennsylvania  to  Illinois  and 
South. 

Neotoma  fhridana  Say  and  Ord.  Wood  Rat.  New  York  to  Colorado,  Ari- 
zona and  South. 

L^pnn  jialustris  Bach.  March  Hare.  North  Carolina  to  South  Illinois  and 
South  in  Swamps. 

L^]ni8  atiunticus  Bach.  Water  Hare.  South  Illinois  to  Louisiana  and 
Southwest  in  i-anebrakes  and  about  lowland  streams. 

Mephitis  jnitoriuK  (L.).  Little  Striped  Skunk.  Wisconsin  to  Georgia  and 
Southwest. 
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A  CONTRIBUTION  TO  A  KNOWIiEDGB  OF  INDIANA  MOIiIiUBCA. 

By  R.  Eli^wortii  Call. 

The  wonderful  diversity  of  physical  features  in  Indiana  contributee  to 
the  development  of  an  interesting  molluscan  fauna.  Swamp,  pond,  creek 
and  river  each  presents  forms  or  groups  of  forms  characteristic  of  such 
stations ;  hillside,  river  bottom,  prairie,  contributes  each  its  own  peculiar 
species.  So  that  in  a  state  of  such  widely  different  natural  onditions  it 
is  not  surprising  that  a  srreat  array  of  forms,  most  of  which  are  by  no 
means  conspicuous,  should  have  been  discovered. 

There  has  never  been  made  a  geographic  study,  within  this  state,  of  its 
mollusks.  Nor  have  systematic  collections  ever  been  made  of  so  much  as 
even  a  single  stream.  One  could  name  on  the  fingers  of  the  hands  the 
men  and  the  places  which  have  thus  far  yielded  our  sole  knowledge  of 
Indiana  mollusks.  It  is  the  object  of  this  paper  to  state,  in  a  few  words, 
the  present  condition  of  our  information  in  this  line  and  to  indicate  if 
possible,  the  direction  along  which  future  effort  should  be  made. 

It  does  not  need  words  of  mine  to  demonstrate  that  the  first  essential 
condition  to  a  complete  study  of  the  geographic  distribution  of  Indiana 
mollusca  lies  in  complete  and  painstaking  local  collections.  This  is  not 
the  task  of  a  week  nor  of  a  single  season.  The  habits  of  our  mollusks  are 
so  peculiar  that  certain  seasons  present  sometimes  many  forms  which  fail 
to  appear  again  for  several  successive  years.  Often,  even  in  the  case  of 
the  most  common  species,  numbers  of  individuals  are  spasmodically  great ; 
then  years  go  on  and  few  of  certain  forms  are  to  be  found.  No  less  in- 
teresting will  be  the  life  history  of  these  retiring  animals.  Not  the  life 
history  of  a  single  Indiana  species  is  known.  And,  so  far  as  my  informa- 
tion goes,  there  is  not  a  student  in  the  state  who  is  doing  more  than  col- 
lect the  pretty  and  variously  ornamented  shells  that  they  may  grace  a 
cabinet !  What  their  biological  significance  may  be  in  that  great  sum 
which  makes  up  the  animal  life  of  Indiana  no  one  seems  to  be  investiga- 
ting. 

A  further  necessity  for  immediate  action  that  the  original  inhabitants 
of  the  state  may  be  listed  lies  in  the  danger  of  extinction  of  very  manv 
forms.  The  sewerage  of  towns  and  villages,  the  refuse  of  factories  and 
other  manufacturing  plants,  the  gradual  encroachment  on  the  primitive 
forests,  the  drying  up  of  streams,  the  drainage  of  swamps,  the  general  in- 
crease in  tilled  lands,  these  all  conspire  against  the  chances?  of  perpetuity 
of  a  rich  molluscan  fauna.    What  is  done  must  be  systematically  done 
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and  thoroughly  and  at  once. 

This  *'  Contribution  '  seeks  to  do  little  more  than  to  call  attention  to  a 
neglected  branch  of  animal  life  which  will  yield  the  student  a  mass  of 
valuable  data  and  prove  a  veritable  mine  of  pleasure.  In  it  there  has 
been  given  simply,  without  attempt  to  discuss  any  scientific  question,  a 
list  of  the  forms  credited  to  the  state.  Very  many  of  those  mentioned 
have  been  seen  within  the  state  or  in  collectioDs  containing  authentic 
specimens.  ( )thers  are  listed  on  the  authority  of  undoubtedly  correct  wri- 
ters. How  much  has  been  already  accomplished  and  what  yet  rt-maini 
to  do  the  lists  themselves  will  indicate. 

The  general  plan  of  simply  naming  a  single  locality,  at  most  two  or 
three,  has  been  followed  in  order  that  a  definite  locality  within  the  state 
would  fix  the  form  as  belonging  to  the  Indiana  fauna.  Not  a  single  form 
has  been  admitted  that  has  been  recorded  from  neighboring  states  not- 
withstanding that  such  a  course  would  have  been  justifiable  on  the 
ground  that  the  artificial  lines  imposed  by  state  boundaries  are  unknown 
to  mollusks,  and  species  found  in  localities  close  to  Indiana  may  reasona- 
bly be  expected  within  its  limits.  This  course  would  have  largely  in-, 
creased  our  list,  but  it  was  preferred  to  make  a  record  only  of  those  shells 
known  in  the  state.  The  studt-nt  may  rest  assured  that  every  species 
named  herein  hat^  been  found  in  Indiana  and  will  be  found  again. 

An  attempt  at  a  bibliography  has  been  made.  But  works  or  papers 
dealing  with  our  shells  feolely  are  very  few  in  number.  General  works 
there  are,  quite  numerous  too,  from  which  help  may  be  had.  These  two 
classes  of  information  are  given  below  in  separate  lists.  The  paucity  of 
literature  pertaining  to  this  state  will  be  evident  at  a  glance. 

The  Ohio  river  has  been  a  prolfic  source  of  Unionida*.  From  that 
stream  come  most  of  the  forms  of  wide  geographic  distribution;  indeed, 
niost  of  them  were  originally  made  known  from  that  river.  The  Wabash 
and  the  White  rivers  have  contributed  many  forms  but  most  of  them  are 
common  to  the  Ohio.  It  has  been  the  rule  to  insert  in  this  list  of  Indiana 
shells  all  the  species  which  were  originally  described  from  th«  Ohio 
whether  there  is  special  record  of  their  occurrence  within  the  limits  of 
the  state  or  not. 

In  every  portion  of  the  commonwealth  it  is  hoped  that  persons  will  be- 
come interested  in  these  animals  sufficiently  to  collect  locally  and  send  to 
some  central  point  what  may  be  found,  in  order  that  a  complete  list,  with 
distribution,  varietal  characters,  and  other  facts  of  a  biologic  nature  may 
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be  eventually  prepared.    It  is  hoped  every  reader  of  this  preliminary  pa- 
per will  become  personally  interested  in  the  matter. 

BIBLIOGRAPHY.      A.— GENERAL   WORKS. 

This  list  includes  general  faunal  lists  and  general  descriptive  works  in 

North  American  Concbology.    In  all  of  them  are  to  be  found  matters  of 

more  or  less  interest  to  the  student  of  Indiana  mollusca. 

PoulBon,  O.  A.    A  Monograph  of  the  Fluvlatile  Bivalve  Shells  of  the 

river  Ohio,  containing  twelve  genera  and  sixty-eight  species.    1832. 
A  translation  of  Rafinesque's  older  work,  which  Ree. 

Say,  Thomas,  F.  M.  L.  S.     American  Conchology,  or  Descriptions  of 
the  Shells  of  North  America.    New  Harmony,  Indiana.    18:^0-1834. 
Illustrated  by  colored  figures  from  original  drawings  executed  from  nature. 
Oonrad,  T.  A.    Monograph  of  the  Family  Unionidse.    1835-1839, 
Lea,  Isaac.  LL.  D.    Observations  on  the  Genus  Unio.    13  volumes,  4to. 
1830-1874. 

These  volumes  were  originally  published  as  portions  of  the  Transactions  of  the  Amer- 
ican Philosophical  Society  and  of  the  Journal  of  the  Philadelphia  Academy  of 
Sciences.  They  were  afterwards  collated  and  issued  separately  under  the  above 
title. 

A  Synopsis  of  the  Family  Unionidse.    Four  editions.    1830-1870. 

This  work  has  almost  a  complete  bibliography  of  the  Unionidte,  particularly  the 
American  forms.  There  are  also  tables  of  geographical  distribution,  but  these  are 
little  more  than  a  mere  list  of  the  original  localities  for  the  American  species. 

OatalofiTue  of  the  Unios,  Alasmodontas  and  Anodontas  of  the 
Ohio  river  and  its  northern  tributaries,  adopted  by  the  Western 

Academy  of  Natural  Sciences  of  Cincinnati.    Januar>',  1849,  pp.  19. 

There  are  listed  in  this  remarkable  little  brochure  flfty-six  species  of  Unio,  six  of 
Mnrgaritana,  and  five  of  Anodonta,  The  catalogue  is  remarkable  as  being  the  first 
open  expression  hostile  to  the  claims  of  both  Say  and  Raflnesque.  It  marks  the 
beginning  of  along  and  bitter  controversy,  from  the  effects  of  which  American 

malacology  has  not  yet  fully  recovered. 

Binney,  Amos.  Terrestrial  Air-breathing  Mollusks  of  the  United 
States.  Boston,  1851.  Three  volumes— text,  two  volumes;  plates,  one 
volume. 

Lea,  Isaac,      ('heck  list  of  the  shells  of    North   America.      VnUmidsb, 

Washington,  1800. 

This  is  a  mere  list  of  species  without  definite  locality  refereneea. 

Prime,  Temple     Check  list  of  the  ehells  of  North  America.     Cydades. 

Washington,  1860. 

Same  limitations  as  the  work  last  rited. 
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Binney,  W.  G.  Check  list  of  the  shells  of  North  America.  Terrestrial 
Oasteropoda,    Washington,  1800.    Second  edition. 

List  number  II  of  this  wurk  in  general  for  that  portion  of  the  United  StateH  which  in- 
cludes Indiana. 

Check  list  of  the  shells  of  North   America.    Fhmatile  Gasteropoda, 

Washington,  18(>0. 
Rafinesque,  Oonstantine  Sznaltz.   The  complete  writings  of,  on  recent 
and  fossil  Conchology.    Edited  by  Wm.  G.  Binney  and  George  W.  Tryon, 
Jr.    New  York,  18(34. 

This  work  gives  all  the  pablinhed  work  of  Rafinesque  in  this  department  of  science 
and  is  an  indispenNable  adjunct  where  justice  and  fairness  govern  in  determining 
the  claims  of  authors.  It  has  been  misconstrued  and  misinterpreted:  its  value 
has  not  always  been  recognized. 

Stimpson, 'William.  Smithsonian  Miscellaneous  Collections.  201.  Re- 
searches on  the  Ilydrohilmv  and  allied  forms.    Washington,  18(>5. 

Prime,  Temple.  Smithsonian  Miscellaneous  Collections.  145.  Mono- 
graph of  American  ('orhtadad»\  recent  and  fossil.    Washingt6n,  1865. 

Bimiey,  'Wm.  Q.  Smithsonian  Miscellaneous  Collections.  143.  Land 
and  fresh  water  shells  of  North  America.  Part  II.  Pidmonata  Limno- 
phila  and  Thallasophila,    Washington,  1305. 

Tryon,  Q-eorgre  "W.,  Jr.  A  Monograph  of  the  Terrestrial  Mollusca  in- 
habiting the  T '  nitt  d  States.    New  York,  18()6. 

Lea,  Isaac.  Keitiiication  of  T.  A.  Conrad's  Synopsis  of  the  Family  of 
Naiades  of  North  America.    New  edition.    Philadelphia,  1872. 

Tryon,  Qeorge"W.,  Jr.  Smithsonian  Miscellaneous  Collections.  253. 
Land  and  Fresh-water  shells  of  North  America.  Part  IV.  Strepomaiidtc. 
Washington,  1873. 

Harper,  George  W. ,  andWetherby,  A.  Q.    Catalogue  of  the  land 

^  and  fresh  water  MoIluBca  found  in  the  immediate  vicinity  of  Cincinnati, 
Ohio.     Cincinnati,  lH7t). 

This  brochure,  which  originally  appeared  in  the  Journal  of  the  Cincinnati  So- 
ciety of  Natural  History,  is  very  valuable  an  an  indicator  of  what  the  collector  m*y 
expect  in  the  Oliio  alonj?  the  shores  of  Indiana.  It  list*  seventy-four  Unio$,  eight 
Margaritanns  An(\  nine  AnoilonUis. 

Lewis,  James,  M.  D.    On  Ihiio  suhroi^tratus  Say.    In  Proceedings  of  the 
Academy  of  Natural  Science  of  Philadelphia.     1878.     Reprint,  p.  4. 
Contains  some  valuable  information  concerning  a  shell  originally  described  from 
this  state. 

Binney,  Wm.  Or.  Terrestrial  Air-breathing  Mollusks  of  the  United 
States  and  the  adjacent  territories  of  North  America.    Bull.  Museum 
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Comparative  Zoology,  vol.  IV.    2  volumes,  1878. 

Call,  R.  Ellsworth.  Geographic  Distribution  of  the  Unionidiv  of  the 
Mississippi  Valley.  Bull.  Des  Moines  Academy  of  Science,  vol.  1,  num- 
ber 1,  pp.  5-56.     1885. 

Binney,  Wm.  Or.  Bulletin  United  States  National  Museum,  No.  28.  A 
manual  of  American  land  shells.    Washington,  1885. 

Wright,  Berlin  Hart.  Check  list  of  North  American  Unionuhc  and 
other  fresh  water  bivalves.    Portland,  Oregon,  1888. 

B. — LOCAL  LISTS  AND  SPECIAL  REPORTS. 

Plumzner,  Dr.  John  T.  Scraps  in  Natural  History  (Mollusca).  Amer- 
ican Journal  of  Science  and  Arts,  O.  S.,  vol.  XLVIII,  No.  1,  pp.  93- 
m.     1844. 

This  pap<^r  gives  a  list  of  shells  fouDd  about  Richmond,  Wayne  county,  Indiana. 
There  are  in  it  the  names  of  twenty -one  species  of  lan<l  shells,  eight  univalve  fresh 
water  forms,  one  Anodon,  two  Margaritanaa,  and  one  Spharrium. 

Pleas,  E.    Shells  of  Henry  county.    In  "The  Nautilus,"  vol.   VII,  No. 

n,  pp.  (i8-70.     1893. 

This  paper  lists  fifty- nine  species  and  varieties  of  land  moUusks  and  sixty- four 
species  and  varieties  of  fresh  water  forms.  They  were  all  found  within  five  miles 
of  Dunreith.    There  will,  doubtless,  be  some  question  of  correct  indentifications. 

Department  of  Geologry  and  Natural  History.     Indiana.     16th 

Annual  Report,  pp.  428-4()8.     1889. 

This  volume  gives  a  mere  libtof  the  contents  of  certain  cases  in  the  State's  Museum, 
and  is  absolutely  valueless  for  any  conceivable  purpose.  Many  of  the  forms  listed 
are,  doubtless,  from  this  state,  but  in  the  absence  of  locality  references  the  list 
has  no  value  to  the  student    The  proof-reading  is  a  marvel  of  carelessnesa. 

Moore,  D.  R.,  and  Butler,  A.  TV.  Land  and  fiesh  water  Mollusca  oh- 
served  in  Franklin  county,  Indiana.  See  Bull,  of  the  Brook ville Society 
of  Natural  History,  No.  1,  pp.  41-44.     1886. 

This  really  valuable  paper  gives  a  list  of  some  thirty-eight  species  nnd  varieties  of 
laud  shells,  ten  species  of  fresh  water  univalves,  and  fifteen  species  of  fresh  water 
bivalves.  Of  the  latter,  seven  belong  to  Unio,  three  to  Margaritana  and  four  to 
AiuMionta.    One  belongs  to  Sphscrium. 

Say,  Thomas.    Descriptions  of  several  new  species  of  shells  and  of  a 

new  species  of  Lumbricm,    Transylvania  Journal  of  Medicine,  vol.  IV. 

1831. 

On  pp.  525-529  occur  several  descriptions  of  shells,  among  which  one  Unio  (Unio  capU- 

lus)  from  the  Wabash  river  und  one  laud  shell  {Jlelicina  occulta)  from  near  New 

Uarmony  arc  found. 
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€k>x,  E.  T.,  State  Geologist.    Geological  Survey  of  Indiana.    Annual  Re- 
port for  1875. 

This  volume  contaiDS  a  paper  by  G.  M.  Lcvette,  entitled,  "  Observations  on  the  Depth 
and  Temperature  of  some  of  the  Lakes  of  Northern  Indiana."  There  is  given  in 
the  paper  a  list  of  fifteen  Unios,  one  Ifargaritana,  four  Anodons  and  nineteen  species 
and  varieties  of  fresh  water  univalves.  The  li6t,  except  the  portion  pertaining  to 
the  Unionidir,  was  prepared  by  Mr.  John  W.  Brykit,  of  Indianapolis.  It  is  intended 
to  cover  only  northern  Indiana. 

Stein,  Fred.    Geological  Survey  of  Indiana.    Annual  report  for  the  year 

1880.    Pp.  451-467.    Contains  the  molluscous  fauna  of  Indiana. 

There  are  listed  the  Vniorus,  Margaritanas,  AnodorUa*,  and  other  fresh  water  bivalves, 
of  several  genera  and  species.  Besides  these  there  are  given  the  genera  and  species 
of  fresh  water  univalves,  and  all  the  known  species  and  varieties  of  land  shells. 
This  list  bears  the  distinction  of  being  the  very  first  to  endeavor  to  present  a  com- 
plete view  of  the  shell-life  Indiana. 

Species  described  from  Indiana. 
In  collating  the  lists  of  molluska  known  from  this  state  it  has  been 
matter  of  great  interest  to  note  those  which  had  an  original  habitat  as- 
cribed to  some  part  of  Indiana.    This  was  to  be  expected,  perhaps,  since 
the  earliest  of  the  best  known  and  most  scientific  writers  in  conchology, 
Thomas  Say,  was  for  a  long  time  a  resident  of  that  interesting  colony — the 
basal  principle  of  which  was  a  kind  of  Utopian  doctrine  of  commun- 
ism— which  founded  New  Harmony.    While  resident  here,  under  the  in- 
spiration of  association  with  such  men  as  Troost,  Maclure,  and  the  older 
Owen,  opportunity  was  afforded  Say  to  collect  and  examine  very  many  of 
the  mollusks  of  the  region.    He  improved  the  occasion,  as  we  well  know, 
and  gave  to  the  world  of  science  its  best  early  American  contributions  to 
conchology.    Since  his  day  other  species  have  been  found,  supposed  to  be 
new  and  described  as  such  by  various  authors  until  the  list  has  grown  to 
very  respectable  proportions.    While  some  of  the  names  following  are 
properly  recognized  as  syononyms  yet  they  are  given  with  the  reference 
to  the  forms  which  have  priority,  for  it  is  but  fair  to  the  workers  of 
other  days  that  we  recognize  the  disadvantages  of  long  distance  from 
scientific  centers  and  the  other  untoward  conditions  of  life  in  a  practical 
wilderness. 

LAND  SHELLS. 

Helicina  cmvulta  Say.    Near  New  Harmony. 

SrcciNEA  vERMETA  Say.    New  Harmony. 

Polygyra  FASTKiiATA  Say.    New  Harmony. 
10 


14H 


KRE8II  WATER  UNIVALVES. 

Ancylus  tardus  Say.    Wabash  river. 

Vivii'ARA  sucruRiTREA  Say.    Wabash  river. 

Campeix)ma  i*onderosum  Say.    Ohio  river. 

Pleur<x'era  cANAi.iruLATUM  Say.    Falls  of  the  Ohio. 

Pleurocera  monilifeuum  Lea.    New  Harmony. 

Pleurocera  anthoxyi  Lea.    Fox  river,  "  Indiana.'' 

Pleurocera  troostii  Lea.    Near  New  Harmony. 

LiTiiAsiA  oiJOVATA  Say.    Wabash  and  Falls  of  the  Ohio. 

Angitrema  VERRUCOSA  Say.    Wabash  river. 

Anchtrema  armigera  Say.    Wabash  river. 

Melania  Nui'KRA  Say.    Wabash  river. 

=An(5Itrema  verrucosa.    Wabash  river. 

An(Uix)sa  i'R.krosa  Say.    Falls  of  the  Ohio. 

ANCUI.08A  tbilineata  Say.    Falls  of  the  Ohio. 

GoNiOHAsis  DEi'YGis  Say.    Falls  of  the  Ohio. 

GoNioHAsis  iNTERSiTA  Haldeman.    Swan  creek. 
This  species  was  based  on  specimens  furnished  by  Mrs.  Say  after  the 
death  of  her  husband. 

GoNioHASis  C0N8ANGUINEA  Anthony.    "Indiana." 

GoNioBAsis  Bicx)LORATA  Authouy.    Camp  creek,  near  Madison. 

GoNiOBASis  cumcoiDKs  Anthony.    Wabash  river. 

GoNiOHASis  infantula  Lea.    Falls  of  the  Ohio. 

GoNioiJAsis  ix^uisviLLENsis  Lea.    Falls  of  the  Ohio. 

GoNioBASis  iNTERLiNEATA  Anthouv.    ChHsty  creek. 

GoNioBAsis  SPARTANBURG Exsis  Lea.    Wabash  Hvcr. 

GoNioBAsis  ixh'oRMis  Lea.    Falls  of  the  Ohio. 

GoNioBAsis  KiRTLANDiANA  Lea.    "  Indiana.'* 

^^GoNiOBAsis  SEMUARINATA  Say.    Richmond. 

— GoNioBAsis  BicoLORATA  Authouy.    Cauip  creek. 

Mesksciiiza  grosvenorh  Lea.  Wabash  river. 
This  genus  is  now  recognized  to  have  been  based  upon  pathologic  speci- 
mens of  a  GoniobaAinj  probably  GonicH)aBi»  cubicoideit  Anthony.  The 
specimens  were  not  only  pathologic  but  immature.  The  writer  has 
several  times,  in  streams  in  the  South,  noted  many  specimenB  of 
traumatic  shells  which  might  easily  be  referred  to  this  genus. 
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FRI-XH   WATER   IUVA^VE^. 

Uxio  ABRUFTUs  Say.    Wabash  river. 

Unio  orbiculatus  Hildreth. 

Unio  ARciUATUs  Conrad.    Wabaah  river. 

=Unio  RECTI'S  Lamarck.    Pathologic. 
Uxio  capillis  Conrad.    Wabash  river. 

^Unio  fabalih  Lea.    Ohio  river 
Unio  ('iCATRKX>srs  Say.    Wabaah  river. 

=Uxio  VARicosus  (?)  Lea. 
Unio  rvLiNDRicrs  Say.    Wabash  river. 
Unio  elecjans  Lea.     Wabash  and  Ohio  rivers. 
Unio  iieros  Say.    Wabash  river. 

=Uni()  mtltiimjc ATI'S  Lea. 
Unio  mytiloides  Kafinesque.    Wabash  river. 
Unio  person atus  Say.     Wabash  river. 
Unio  pinLLii*sii  Conrad.    Wabash  river. 
Unio  .sampsonii  Lea.    Wabash  river. 

=Unio  perplex  us  I^ea. 
Li^Nio  securis  Lea.    Ohio  and  Wabash  rivers. 
l^Nio  si.LCATUs  Lea.    Wabash  and  Ohio  rivers. 
Unio  undulatus  Barnes.    Wabash  river. 
MAR(iARiT.\NA  CONFRAGOSA  Say.    Wabash  river. 
Mar(;aritana  deiiiscens  Say.    Wabash  river. 

=Unio  dehisc^ens  Say. 
Marciaritana  monodoxta  Say.    Wabash  and  Ohio  rivers. 

=Unio  monodonta  Say.    From  Falls  of  the  Ohio. 
Anodonta  edentitla  Say.    "Indiana."    Locality  not  given. 
Anodonta  ferruginea  Lea.    Simon's  creek. 
Anodonta  imbecilms  Say.    Wabash  river, 
Anodonta  siborbicilata  Say.    Ponds  near  Wabash  river. 

A  summary  of  this  list  of  shells  originally  described  from  Indiana 
shows  three  species  of  land  shells;  twenty-nine  species  of  fresh  water 
univalves;  and  twenty-one  species  of  Unionidie,  While  several  of  these 
have  been  relegated  to  the  standing  of  pure  synonyms  they  yet  serve  a 
useful  purpose  in  determining  the  exact  nature  of  the  molluscan  fauna. 
It  may  be  that  more  extended  opportunities  in  the  matter  of  literature 
will  add  to  this  list  other  forms,  thus^enriching  the  original  contributions 
of  Indiana  to  conchologic  lore.  * 


148  ' 

I 

GENEBAIi  lilBT  OF  MOIiIiUBCA. 

In  the  following  lists  there  has  been  no  serious  attempt  to  classify  the 
shells  of  the  state  \n  any  systematic  manner.  At  the  present  time  geo- 
graphical distribution  is  the  most  important  feature.  In  pursuance  of  this 
object,  the  arrangement  is  chiefly  alphabetical.  Only  in  a  few  instances 
have  data  which  give  exact  localities  been  attainable.  In  seeking  to  en- 
large the  list  hereafter  only  specimens  accompanied  with  exact  locality 
references  should  be  admitted. 

A  number  of  shells  listed  from  Indiana  in  various  amateur  papers,  and 
known  to  belong  to  a  fauna  entirely  different,  have  been  excluded  as  not 
being  authentic.  No  injustice  is  done  any  student  by  relegating  these 
forms  to  a  doubtful  list  and  awaiting  the  result  of  careful  examination 
within  the  state.  Should  such  examination  reveal  the  forms  so  excluded 
it  will  be  a  source  of  congratulation  that  so  many  ex tralimital  shells  should 
be  found  in  Indiana. 

Begister  of  Iiand  Forms. 
Conulm  fulvus  Drapernaud. 
Helicina  occulta  Say.    New  Harmony. 
Helicodiscus  lineatm  Anthony. 
Limaxflavus  Linnaeus.    New  Albany. 

This  form  is  very  abundant  in  and  about  Louisville,  Ky.,  having  been 
introduced  through  commerce. 
Limax  campestris  Say.    Franklin  county. 
Limax  ( Tebennophortis)  carolinensis  Bosc. 
Limax  ( Tebennophorus)  dorsalia  Binney. 
Mesodon  cUbolabris  Say.    All  over  the  state. 
Metodon  clausa  Say.    Southern  Indiana. 
Mesodon  exoleim  Binney.    Indianapolis. 
Menodcn  mitcheUiana  Lea.    Franklin  county. 
Mesodon  multilineata  Say.    All  over  south  Indiana. 
Mewdon  profunda  Say.  Indianapolis ;  Madison ;  Charleston. 
Patula  altemata  Say.    Generally  distributed. 
PaJtula  perspectiva  Say.    Indianapolis. 
Patula  solUaria  Say.    Indianapolis ;  Charleston. 
PatxUa  ttriaieUa  Anthony.    Indianapolis ;  New  Albany. 
Polygyra  fastigiata  Say.    New  Harmony. 
Pdlygyra  leporina  Gould.    No  specimens  seen. 
Pupa  armifera  Say.  Bloomington ;  Indianapolis. 
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Pupa  coniracta  Say.    Bloomington. 

Pupa  corticaria  Say.    Indianapolis. 

Pupa  faHcLT  Say.    Indianapolifl ;  Bloomington. 

Pupa  musconun  Linnaeus.    Bloomington. 

Pupa  perUadon  Say.    Bloomington. 

Papa  rupuxHa  Say.    Franklin  county. 

Selenites  concava  Say.    Generally  distributed. 

Sienotrema  hirsuium  Say.    Generally  distributed. 

Stenotrema  monodon  Rackett.    Generally  distributed. 

Stenotrema  monodoyifratemum  Say.    Indianapolis. 

Stenotrema  monodon  lead  Ward.    Indianapolis. 

SUnatrema  steviotrema  YerxxBRB^.    Indianapolis;  Madison. 

Snccinea  avara  Say.    Generally  distributed. 

Succinea  ohliqna  Say.    Credited  to  state. 

Succinea  oralis  Gould.    Indianapolis. 

Succinea  totteniana  I^a.    Vincennes. 

Succinea  vermeta  Say.    New  Harmony. 

Strolnla  lahyrhiihica  Say.    South  Indiana. 

Triodopsis  appressa  Say.    Indianapolis ;  Madison. 

Triodopm  fallax  Say.    Indianapolis. 

Triodopm infiecta  Say.    Indianapolis;  south  Indiana. 

Tric(lo])9is  ohstricta  Say.    Indianapolis. 

Triodopm palliata  Say.    Generally  distributed  over  central  and  northern 

Indiana. 
Vallonia pulchella  Muller.    Indianapolis;  Bloomington. 
Vertigo  gouldii  Binney. 
Ver\'  doubtful  determination.    Probably  some  other  form  was  really  in 
the  hands  of  the  authority. 
Vertigo  ovata  Say.    Generally  distributed. 
Zonites  arhoreus  Say.    Indianapolis  ;  generally  over  the  state. 
Zonitcs  friahilia  W.  G.  Binney.    New  Harmony. 
Zonitea  fuJiginosus  Griffith.    Indianapolis;  Charleston. 
Zonites  milvnn  Morse.    Southern  Indiana. 
Zonites  nitidns  Muller.    Generally  distributed. 
Zoniteti  indentaias  Say.    Franklin  county. 
Zonites  inomaius  Say.    Referred  to  Indiana. 
Zonites  intertextus  Binney.     Authority  of  Binney. 
Zonites  ligerus  Say.    Indianapolis ;  southern  Indiana. 
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Zoniles  liviatfdus  Ward.    Indianapolis ;  generally  distributed. 

Begister  of  Fresh  Water  UniTalTes. 

Carychium  e.^igmtm  Say.    In  all  damp  places  under  leaves. 

This  is  one  of  the  most  minute  of  American  shells. 
Ancylut  tardus  Say.    Wabash,  White  and  Ohio  rivers. 
Bnlinus  hi/pnorum  Linnaeus.    Indianapolis ;  northern  Indiana. 
Helisoma  bicarinat^is  Say.    Indianapolis. 

PlanorhiA  trivolvis  Say.  Indianapolis;   generally  distributed  over  the  state. 
JAmnophym  columella  Say.    Credited  to  Indiana. 
Limnophysa  caperata  Say.    Indianapolis ;  Wabash  river. 
Lininophysa  desulioHa  Say.    Indianapolis ;   generally  distributed  over  the 

state. 
lAmnophysa  humilia  Say.    All  over  the  state. 
lAmnophyM  pahistris  Muller.    Generally  distributed. 
Limnoj)hy8a  reflexa  Say.    Indianapolis. 
Menetuz  eraaitns  Say.    Cienerally  distributed  in  ponds. 
Physa  gyrina  Say.    All  over  the  state. 
Physa  helerostropha  Say.    All  over  the  state. 
Valvata  tricarinata  Say.    Credited  to  the  state. 
tSomaioffyrus  itogonua  Say.    White  river ;  Wabash  river. 
Pomaiiopm  lapidaria  Say.      Wabash  river.    Probably  generally  distrib- 
uted. 
Cainpehtna  apertum  I^ewis.  (Ms.)    West  Fork  White  river. 

=Campeloina  integrum  DeKay. 
( 'ampeloma  decimm  Say.    St.  Joseph  river. 
(.'ampelotfia  integrum  DeKay.    St.  Joseph  river. 
Campeloma  ponderosum  Say.    Wabash  and  Ohio  rivers. 
Campdoma  rufum  Haldeman.    St.  Joseph  and  White  rivers. 
Campeloma  regidaris  lje&,    Ohio  river. 

=Junior  C.  ixynderomm  Say. 
Campeloma  mb^olidum  Anthony.    AVabash  river. 
Lioplax  mhcarinaia  Say.    Laporte. 
Vivipara  cotitectoides  Binney.     Wabash  river. 
Vinpara  subpurpvnri  Say.    Wabash  river. 
AncidoM,  prarosa  Say.    P'alls  of  the  Ohio. 
Anculosa  triiineata  Say.    Falls  of  the  Ohio. 
Angitrema  armigera  Say.    Wabash  river. 
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Anffiirema  nupera  Say.    Wabash  river. 

=Angitrema  verrucosa  Say. 
Angitrema  vermcom  Say.    AVabash  and  Ohio  rivers. 
GoniobaiU  bicolorata  Anthony.    Camp  creek,  Madison. 
Goniobmis  consanguinea  Anthony.    "  Indiana.'* 
It  is  probable  that  a  no  more  satisfactory  author  than  this  one  ever 
wrote  on  American  shells.    Exact  localities  are  rarely  ever  men- 
tioned by  him,  and  most  of  those  given  are  open  to  serious  question. 
He  was  notorious  for  looseness  in  this  very  important  matter. 
Rarely  can  his  references  be  used  for  geographic  distribution. 
Goniobasis  cubicoides  Anthony.    Wabash  river. 
Goniohasis  depygis  Say.     Falls  of  the  Ohio. 
This  is  one  of  the  most  abundant  shells  at  the  falls,  and  at  low  water 
may  be  secured  by  the  gallon  with  very  little  effort. 
GoniobaatM  infantnla  I^a.    Falls  of  the  Ohio. 

=Goniohai<is  depygis  Say. 
GoniobdMa  inforinU  Lea.    Falls  of  the  Ohio. 
Goniobam  htterHnecUa  Anthony.    Christy  creek. 

=Gonioba8iK  aemicarinata  Say. 
Gonioba$i»  iyilermUa  Haldeman.    Swan  creek. 
Gonioba!*iji  l(miifvineiu<ii<  Lea.    Falls  of  the  Ohio. 

=Liihafda  obotata  Say. 
Goniobiisvi  kirtlandiana  Lea.     "  Indiana." 
=G(niiobam  bicolorata  Anthonv. 
=^Goniobimn  s^emicarincUa  Say. 
Gai\ioba»u  Bemicarinata  Say.    Richmond;  Franklin  Co. 
Goniobasis  xpurtenbergeims  Lea.     Wabash  river. 

=Gonkihcm8  depygh  Say. 
LIthasia  obovata  Say.    Wabash  river ;  Falls  of  the  Ohio.    Very  abundant  at 

the  last  locality. 
Mexeifchiza  grosvemorii  Lea.     Wabash  river.    Pathologic  form. 
Plruroceni  anthony'i  Lea.     "Fox  river,  Indiana." 
There  is  considerable  uncertainty  about  this  locality  reference.    Fox 
river  is  in  Illinois. 
Fleuroeera  ranaJiculatum  I-ea.    Falls  of  the  Ohio. 

A  very  abundant  and  exceedingly  variable  shell. 
Pleurocera  t'levulnm  Say.     Ohio  river. 
Pleurocrra  inon'difcrum  Lea.    Wabash  and  Ohio  rivers. 
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Pleuroctra  simplex  Lea.    Ohio  river. 

Pleurocera  troostii  Lea.    New  Harmony,  Wabash  river. 
This  species  was  based  upon  specimens  submitted  to  Dr.  Lea  from  very 
widely  separated  localities.    The  greater  number  came  from  North 
Alabama  and  Georgia.    There  is  very  much  doubt  that  this  species 
was  found  in  the  northern  locality  to  which  it  is  credited. 

Pleurocera  undulatum  Say.    Ohio  river. 

FRESn   WATER  BIVALVK8. 

Piaidium  abditum  Haldeman.    Ohiojriver.    Probably  generally  distributed 
over  the  state. 

Pisidium  rirginicum  Bourgiuignat.    Ohio  river. 

Sphaerium  solidulum  Prime.    Franklin  county. 

Sphaerium  tqjluiericum  Anthony.    Ponds  along  Wabash  river. 

Sphaerium  Mlamineum  Conrad.    Ohio  river. 

Sphaerium  mlcatum  Lamarck.    Ohio  river. 

Sphaerium  trangvermm  Say.    Ohio  and  Wabash  rivers. 

Anodonta  decora  Lea.    Ohio  river. 

Anodonla  edentida  Say.    Wabash,  White  and  Ohio  rivers ;  lakes  in  northern 
Indiana. 

Anodonta  ferruginea  Lea.    Simon^s  creek. 

Anodonta  ferussaciaim  Lea.    Ohio  river ;  T^akes  in  northern  Indiana. 

Anodonta  fooiiana  Lea.    South  Bend. 

Anodonta  grandu  Say.    Flat  Rock  creek ;  Wabash  river.    Probably  distrib- 
uted all  over  the  state. 

Anodonta  imbecillis  Say.    Wabash  and  Ohio  rivers ;  Canal  at  Indianapolis. 

Anodonta  pavonia  I^^ea.    Flat  Rock  creek. 

Anodonta  plana  Lea.    Ohio  river ;  Flat  Rock  creek. 

ATiodonta  mlmonia  Lea.    Blue  river. 

Anodonta  ahieffenana  Lea.    Flat  Rock  creek. 

Anodonta  mvcylindracea  Lea.     White  river. 

Anodonta  giiborbiculata.  Say.    Ponds  near  Wabash  river. 

Anodonta  wardiana  Lea.    White  river. 

Margaritana  calceola  Lea.    Ohio  river ;  Flat  Rock  creek. 
=^Margaritana  deltoidea  Lea. 

Margaritana  complanaia  Barnes.    Ohio  and  White  rivers. 

Margaritana  confragosa  Say.    Ohio  and  Wabash  rivers. 
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Mdrgaritana  dehiscens  Say.    Wabash  and  Ohio  rivers. 

Described  as  Unio  dehi$cem  Say. 
Margaritana  delUndm  Lea.    Wabash,  White  and  Ohio  rivers. 
Margaritana  hildrethimm  Lea.    Ohio  river. 
Margaritana  marginata  Say.    White  river. 
Margaritana  monodonia  Say.    Falls  of  the  Ohio  river ;  Wabash  river. 

Described  as  Unio  monodontm  Say. 
Margaritana  rugosa  Barnes.    Wabash  and  Ohio  rivers ;  Lakes  in  northern 

Indiana. 
Vnio  abruptm  Say.    Wabash  river. 

^  Unio  orbiculattis  Hildreth. 
Unio  xwpm  Green.    Ohio  river. 
Unio  akUm  Say.    Ohio,  White  and  Wabash  rivers. 
Unio  anodontoides  Lea.    Ohio  and  Wabash  rivers. 

Described  as  Unio  teres  Rafinesque,  from  the  Wabash. 
Unio  arctior  Lea.    White,  Wabash  and  Ohio  rivers. 

-  Unio  gibbosujf  Barnes,  white  nacreii  variety. 
Unio  arqualun  Conrad.    AV^abash  river. 

^  Unio  rectm  Lamarck,  pathologic. 
Unio  aspeiTimus  Lea.    Wabash  and  Ohio  rivers. 
Unio  camelm  Lea.    Ohio  river. 

^    Unio  phaseolns  Barnes. 
Unio  phaseolus  Barnes. 
Unio  camptodon  Say.    Ohio  river. 
Unio  capax  Green.    Ohio  river. 
Unio  cicatricoinis  Say.    Wabash  river. 

^  Unio  vari<y)SWi  Lea. 
Unio  cincinnatiensis  Lea.    Ohio  river. 

-  =  Unio  perplvxwi  Lea. 

Unio  circuim  Lea.    Wabash,  White  and  Ohio  rivers. 
Unio  clavuB  Lamarck.    Wabash,  White  and  Ohio  rivers. 
UnU)  coccineus  Lea.    AVabash  and  Ohio  rivers. 
Unio  cooperiantis  Lea.    Ohio  river. 
Unio  comutus  Barnes.    Wabash  and  Ohio  rivers. 
Unio  cramdem  Lamarck.    Wabash  and  Ohio  rivers. 
Unio  cylindricus  Say.    Wabash  and  Ohio  rivers. 
Unio  distana  Anthony.    St.  Joseph  river. 
=  Unio  lutedm  Lamarck. 
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Unio  donaciformiif  I^a.    Wabash  river;  Ohio  river. 

Unio  dorfeuiUianus  Lea.    Ohio  river. 

Unto  ebenus  Lea.    Ohio  and  Wabash  rivers. 

Unio  eUgans  Lea.    Wabash  and  Ohio  rivers.  , 

Unio  ellipsis  Lea,    Ohio  and' Wabash  rivers. 

Unio  fcUxilvi  Lea.    Ohio  river. 

Unio  folicUuLs  Hildreth.    Ohio  river. 

Unio  fragosus  Conrad.    Wabash  and  Ohio  rivers. 

Unio  gihhoms  Barnes.    Lakes  in    northern  Indiana;    Ohio,  White  and 
Wabash  rivers. 

Unio  gloms  Lea.    Ohio  and  White  rivers ;  lakes  in  northern  Indiana. 

Unio  gracilis  Barnes.    Ohio  river. 

Unio  graniferus  I^ea.    Ohio  river. 

L^io  heros  Say.    Wabash  river. 
^  Unio  muUtipUcalus.    Lea. 

Unio  iris  Lea.    St.  Joseph's,  White  and  Ohio  rivers ;  lakes  in  northern  In- 
diana. 

Unio  irroratus  Lea.    White  and  Ohio  rivers. 

Unio  lochrymoms  Lea.   Ohio  river.     Unio  ogperrimiis  Lea  is  a  synonym  of 
this  form. 

Unio  lievissimus  Lea.    White  and  Ohio  rivers. 

Unio  lens  Lea.    Canal,  Indianapolis ;  Ohio  river. 
=  Unio  circulus  Lea. 

Unio  ligammlinus  Lamarck.    Wabash  and  Ohio  rivers. 

Unio  lutedus  Lamarck.    Lakes  in  northern  Indiana;  Ohio  river.    Probably 
generally  distributed. 

Unio  metanevnis  Rafinesque.    Wabash,  White  and  Ohio  rivers. 

Unio  muUiradialus  Lea.    Canal,  Indianapolis ;  White  river. 

Unio  muUiplicaius  Lea.    Ohio  and  Wabash  rivers. 

Unio  mytUoides  Ralinesque.    Ohio  and  Wabash  rivers. 

Unio  namiujs  Say.    Lakes  in  northern  Indiana.    Only  in  those  which  drain 
into  the  Great  lakes. 

Unio  obliquus  Lamarck.    Ohio  and  Wabash  rivers. 

Unio  occidens  Lea.    Ohio  river. 
--^  Unio  ventricosus  Barnes. 

Unio  orbiculaius  Hildreth.    Ohio  and  Wabash  rivers.    See  Unio  abnipUis 
Say. 
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Unio  ovcUus  Sav.    Ohio  river. 

Unio  pamis  Barnes.    Ohio  river;  Wabash  river.    Probably  over  a  great 

portion  of  the  state. 
Unio  ]}erple.cus  Lea.    Wabash  and  Ohio  rivers. 
Umo  perwnaim  Say.    AVabash  river. 
Unio  phw^eolm  Barnes.    Wabash,  White  and  Ohio  rivers. 
Unio  phiUi}i8ii  CouT&d,    Ohio  and  Wabash  rivers.     . 

-    Unio  jxrjfle.rujt  Lea. 
Ihiio  plenus  Lea.    Wabash  and  Ohio  rivers. 
Unio  plicatm  Lesueur.    Ohio  river. 
Unio  pilcua  Lea.    Ohio  river. 

-=  Unio  personatus  Say 
Unio  jiresms  I^a.    Lakes  in  northern  Indiana ;  Canal  at  Indianapolis ; 

Ohio  river. 
Unio  pustulatus  Lea.    Ohio  river. 
Unio  pustuloses  l^a.     Wabash  and  ( )hio  rivers. 
Unio  pyramidaius  I^ea.    Ohio  and  Wabash  rivers. 

Unio  raugianm  Lea.    Ohio  and  White  rivers;  Wild  Cat  creek,  Carroll 
county. 

-'=■■  Unio  pei'phxus  Lea. 
Unio  rectus  Lamarck.    Ohio  and  Wabash  rivers. 
Unio  retusus  J^marck.    Ohio  and  Wabash  rivers. 

Unio  rubiginosus  Lea.    Lakes  in  northern  Indiana;  Ohio  and  White  rivers. 
Unio  sampsonii  Lea.    Wabash  river. 

--  Unix)  }}erplexus  Lea. 
Unio  securis  Lea.    Ohio  and  Wabash  rivers. 
Unio  solidvs  I^a.    Wabash  and  Ohio  rivers. 
l^nio  spatidatm  Lea.    Lakes  in  northern  Indiana. 
Unio  suboratus  Lea.    Ohio  and  White  rivers. 
Unio  sut/rostratiis  Say.     South  Bend ;  Wabash  river. 
Unio  suffTotumlus  Lea.    Ohio  river. 
Unio  mlccUus  J^a.    Wabash  and  Ohio  rivers. 
Unio  tenuisMimus  Lea.    Ohio  river. 
Unio  triangularis  Barnes.     White  and  Ohio  rivers. 
Unio  trigonns  Lea.    Ohio  river,  Wabash  river. 
Unio  tubercalntus  Barnes.    White,  Wabash  and  Ohio  rivers. 
Unio  undulatuii  Barnes.    Wabash  and  Ohio  rivers. 
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Unto  variami^  Lea.    Ohio  river. 

Unio  ventrictmis  Barnes.    Ohio  river ;  lakes  in  northern  Indiana. 
Unio  verrucosijs  Barnes.    Wabash  and  Ohio  rivers. 
Unio  zigzag  Lea.    Ohio  river,  Wabash  river. 
=^--  Unio  donaciformis  Lea. 

Summarizing  the  data  herein  presented,  exclusive  of  synonyms  and 
doubtful  forms  referred  to  the  state  by  writers,  we  find  the  following  to- 
tals :  Of  land  shells,  17  genera  and  58  species ;  of  fresh  water  univalves,  IS 
genera  and  47  species ;  of  fresh  water  bivalves,  5  genera  and  102  species. 
That  the  number  of  species  will  be  largely  increased  on  careful  examina- 
tion there  can  be  no  question. 

Louisville,  Ky.,  Nov.  30, 1893. 
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QEOIiOGIOAL     LITEBATUBE     OF     INDIANA-iBTBATIGBAPHIC 

AND    ECONOMIC). 

By  Vernon  F.  Marstern  and  E.  M.  Kindle.— Geological  Department,  In- 
diana University. 

The  following  alphabetical  list  of  the  contributions  to  Indiana  Geologi- 
cal literature  includes  such  as  deal  especially  with  the  physical  and  econo- 
mic phases  of  the  subject,  and  only  brief  references  to  the  larger  and  more 
important  contributions  to  the  paleontology  of  the  state.  This  list  is  bo 
arranged  that  the  student  can  ascertain :  First,  what  countit's  of  the  state 
have  been  subject  to  investigation,  second,  by  whom  the  work  was  done, 
third,  where  the  remdls  are  published^  fourth  nature  and  results  of  the  investiga- 
tions. A  brief  statement  of  the  contents  of  the  more  important  papers.  Re- 
ports, etc.,  is  placed  under  the  autJwr^s  name.  The  references  of  an  economic 
phase  are  placed  under  the  heading  Economic  Oeology  which  comes  in  its 
proper  place  in  the  alphabetic  series.  Under  this  heading  are  placed  the 
following  subdivision :  Clays,  codlSf  gas,  hydraulic  cements,  oU,  ore  {mineroJU), 
stone  (building).  The  reference  to  the  paleontology  of  the  state  are  not  in- 
cluded in  detail  in  this  list  for  the  reason  that  they  demand  a  somewhat 
different  treatment  in  order  to  make  the  treatise  the  most  useful  to  the 
student. 
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Adams  county,  Geology  of.    R.  Owen's  Rep.  1859-60. 

Allen  county,  Geology  of.    R.  Owen's  Rep.  1859-60. 

Geology  of.    M.  Thompson's  Rep.  1888. 

Altitudes,  table  of,  in  Indiana  and  elsewhere.    Owen's  Rep.  1859-4)0. 

Bartholomew  county,  Geology  of.    Owen's  Rep.  1859-60. 

Geology  of.    J.  Collett's  Rep.  1881. 

Benedict,  A.  O.    Geology  of  Wabash  County.    (See  Elrod,  M.  N.) 

Petroleum  in  Indiana — S.  S.  Gorly  (17th  Annual  Rep.)  1891. 

Discusses  briefly  the  history  of  Petroleum,  its  discovery  in  the  United  States ;  men- 
tions the  oil  fields  of  United  States,  geological  distribution ;  describes  extent  of 
bed.  and  oil  field  in  Crawford  and  Wells  counties. 

Benton  county,  Geology  of.    Owens  Rep.  1859-60. 

Geology  of.    M.  Thompson's  Rep.  1885-86. 

Bessemer  Iron,  Manufacture  of.    E.  T.  Cox,  187f>-77-78. 

Beckwith,  H.  "W.,  Indian  names  of  water  courses  in  the  state.    J.  Col- 
lett's Rep.  1882;  pp.  ;W)-44. 

Bigney,  A.  J.,  Preliminary  notes  on  the  geology  of  Dearborn  county. 
Proc.  Ind.  Acad.  Sci.  pp.  6()-67. 
Notes  the  finding  of  mammoth  and  sloth  remains. 

Beachler,  O.  S.    Keokuk  group  at  Crawfordsville,  Ind.    Am.  Geol.,  vol. 
II,  pp.  407-412. 

Describes  the  stratigraphic  features  of  the  Keokuk  rocks  and  gives  a  list  of  the 
fossils  of  this  locality. 

Notice  of  some  new  and  remarkable  forms  of  crinoidea  from  the 

Niagara  limestone  at  St.  Paul,  Ind.    Am.  Geol.,  vol.  IV,  pp.  102-103. 
Corrected  list  of  fossils  found  at  Crawfordsville,  Ind.  (Keokuk.) 


Ind.  Geology  and  Nat.  Hist.  Sur.,  1888. 

List  of  fossils  found  at  Crawfordsville,  Ind.    Am.  Geol.,  Dec., 


1888. 

List  of  fossils  from  Crawfordsville  rock.    M.  Thompson's  Rep. 

1888. 

The  rocks  at  St.  Paul,  Ind.    Am.  Geo.,  vol.  VII,  March  1891, 


p.  178. 

Abandoned  Pleistocene  river  channel  in  Eastern  Indiana.  Proc. 


Am.  Geol.  Society,  vol.  IV,  p.  62. 
Blackford  county.    Gas.    (See  Phinney,  Natural  Gas  in  Indiana.) 
Blatchley,  W.  S.    A  catalogue  of  the  Butterflies  known  to  occur  in  Ind. 

S.  8.  Gorby  (17th  annual  Rep.)  1891,  pp.  305-408. 
Black  Shale  Fossils.    Whitfield,  1874. 
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Blackford  ooiinty,  Geology  of.    Owen,  1859-60. 

Boone  county,  Geology  of.    M.  Thompson,  Rep.  1885-80. 

Boerner,  C.  Q.    Meteorology  of  Switzerland  county.     E.  T.  Cox  Rep. 

1872. 
Borden,  "W.  "W.    Scott  county,  Geology  of.    (Map.)    Geo.  Survey  of  Ind. 

1874. 

The  geological  formations  are  the  drift,  knobstone.  black  shale  (Hamilton,)  and  con- 
iferous limestone ;  list  of  fos^sil.s. 

Jefferson  county.    Geol.  Survey  Ind.  1874. 

Geological  formations  were  the  Champlain,  drift,  black  shale,  coniferoos  limestone. 
Niagara,  Clinton  and  Cincinnati :  list  of  fossils. 

-Rep.  of  Geol.  Surv.  of  Clark  and  Floyd  counties.    E.  T.  Cox  Rep. 


1878,  pp.  134-189. 

Gives  a  brief  acconnt  of  the  geological  formations  in  the  counties  (Gin.  grronp,  Ni- 
agara, New  Albany  black  shale,  probably  the  equivalent  of  the  Genesee,  X.  Y.,  and 
Knabe  stone. 

Boone  county.  Geology  of.    Owen*s  Rep.  1859-<)0. 

Branner,  J.  O.    Geol.  Map  Ind. 

Brown  county,  Geology  of.    Owen's  Rep.  18o9-()0;  also  Collett's  Rep. 

1874. 
Brown,  R.  T.    Geology  of  Hamilton  and  Madison  counties.    ColletVs 

Rep.  1884. 
Fish  culture  in  Indian.  Collett's  Rep.  1884. 

Geology  of  Hancock'county.     M.  Thompson's  Rep.  188o-8(>. 

Discusses  topography,  drainage,  nature  of  glacial  drifts,  archtcology. 
Geology  of  Morgan  county.    J.  Collett's  Rep.  1883,  pp.  76-83. 


Discusses  drainage,  topography,  extent  and  thickness  of  Paleozoic  formations,  gla- 
cial plienomena;  gives  li^t  of  fossils  and  connected  section  of  the  county. 
Geology  of  Putnam  county.    J.  Collett's  Rep.  1881,  pp.  89-126. 


De8cril)es  the  topography  and  stratigraphic  geology  ;    notes  extent  and  character  of 
the  coal-seams.    Refers  briefly  to  building  stone. 

Marion  county.  Geology  and  topographical  survey  of.    J.  Col- 

lett's  Rep.  1882,  pp.  79-()9. 

Discusses  topography  and  stratigraphic  features. 

Morgan  county,  Geology  of.    J.  Collett's  Rep.  1883,  pp.  71-85. 

Bradner,  E.     A  partial  catalogue  of  the  flora  of  Steuben  county.    S.  8. 

Gorby,  17th  Annual  Rep.  1891.  ' 

Buildingr  Stones.     Thompson,  1888. 
Byrkit,  J.  "W.    Catalogue  and  check-list  of  the  trees  and  woody  shmbs 

*of  America  north  of  Mexico.    E.  T.  Cox  Rep.  1876-78,  pp.  279-290. 
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Campbell.  J.  L.    The  Kankakee  river  and  pure  water  for  Northwestern 

Indiana  and  Chicago.    Proc.  Ind.  Acad.  Sci.  1891,  pp.  70-7.S. 
Describes  the  Kankakee  channel  and  basin. 

Carbonic  (upper  and  lower).    (See  Stevenson,  J.  S.) 

Carboniferous  fossils.    Owen's  Rep. 

Carroll  county,  Geology  of.  E.  T.  Cox's  Rep.  1872;  S.  S.  Gorly  17th 
Annual  Rep.  1891. 

Geology  of.    R.  Owen. 

Cass  county,  Geology  of.    E.  T.  Cox's  Rep.  1872 ;  do  Richard  Owen. 

Chalk  beds  of  Indiana.    M.  Thompson's  Rep.  lH85-8t). 

Chamberlin,  T.  C.  The  Glacial  boundary  in  Indiana  and  adjacent 
states.     (Introduction)  Bull.  No.  58  V,  S.  (J.  S.  1890. 

Preliminary  paper  on  the  Terminal  Moraine  of  the  second  Gla- 
cial Epoch.  (Notice)  A.  J.  S.  Ill,  vol.  28,  p.  228,  1884.  (From  3d  Ann. 
Rep.  of  the  Director  of  the  T.  S.  G.  S.  1881-82.) 

Hillocks  of  Angular  Gravel  and  Disturbed  Stratification,  A.  J. 

S.  Ill,  vol.  27,  p.  370,  1884. 

DiscusscN  structurnl  features  of  these  de]>o8its.  nature  and  analysis  of  contents.  (Sec- 
tions of  p'avel  bank  from  Tippecanoe  county,  Ind.  A  long  list  of  contributions 
to  tbis  subject  Is  appended.) 

The  Bearing  of  some  Recent  Determinations  and  the  Correla- 


tion of  the    Eastern   and   Western  Terminal    Moraines;  A.  J.  S.  Ill 
vol.  24,  p.  93,  1882. 

Cincinnati  Arch.     E.  T.  Cox's  Geol.  Rep.  1876-77-78;  Am.  Geol.  vol. 
IV,  pp.  (>-2(). 

Cincinnati  Group.    A.  J.  S.  Ill,  vol.  17,  p.  484.    Question  of  nomencla- 
ture. 

It  w>is  agreed  by  a  committee  from  tbe  Cincinnati  Academy  of  Science  that  the  term 
Cinciuniti  (iroup  should  not  be  retained. 

Clark  county,  Geology  of.    E.  T.  Cox,  Rep.  1873;  also  R.  Owen. 

Clay  county.  Geology  of.    Owen's  Rep. 

Clinton  county.  Geology  of.    Owen^s  Rep. 

Geology  of.    M.  Thompson's  Rep.  1885-8(>. 

Collett,  John.    Geology  of  Brown  county.    Owen's  Rep.  1859-60. 

Indicates  Hoan  Blossom  ridge  as  the  southern  drift  limit ;  considers  the  deep  valleys 
due  to  glacial  streams  and  the  silt  to  indicate  a  former  central  post  glacial  lake ;  the 
gold  of  drift  origin;  formations,  drift,  geode  beds  and  knob  stone.  Report  ac- 
companied by  map. 

Geological  report  on  Harrison  and  Crawford  counties.    E:T. 

Cox  Rep.  1876-78,  pp.  291-522. 
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Discusses  the  Strati^aphlc  geology  (quaternary  carbon,  Dev.  and  Sll.)  Gives  lists  of 
fossils  from  coalmeasures,  and  the  subdivisious  of  subcarboniferous ;  also  a  list  of 
fossil  fish  teeth  (by  J.  S.  Nowberry);  analyses  of  Harrison  county  meteorites ;  men- 
tion is  also  made  of  building  stone,  hydraulic  cement,  clays,  mineral  waters,  oil 
( Crawford,  county)  caves,  archeeology. 

Geoloj?y  of  Warren  county.    E.  T.  Cox  Rep.  1873,  pp.  191-259. 

Describes  briefly  the  topographical  features,  quaternary  deposits,  extent  and  physi- 
cal features  of  paleozoic  formation  (carboniferous  and  subcarboniferous).  Men- 
tion is  also  made  of  coal,  clays,  gold  and  copper,  building  stone. 

Geology  of  Lawrence,  Knox  and  Gibson  counties.    E.  T.  Oox 


Rep.  1873,  pp.  200-430. 

Describes  the  stratigraphy,  gives  numerous  local  sections  and  general  connected  sec- 
tions of  each  county,  exhibiting  especially  the  relations  of  coal-seams.  Mention  is 
also  made  of  fosf^ils  noted  in  the  local  sections,  iron  ore,  buildlngstone,  clays,  etc.; 
analysis  of  coals,  archaeological  remoios. 

Geol.  Rep.  of  Vanderburg,  Owen  and  Montgomery  counties. 

E.  T.  Cox  Rep.  1875,  pp.  240-422. 

Describes  glacial  deposits,  physical  features  and  extent  of  Geol.  formations  (Carbon 
Dev.  sections)  with  occasional  reference  to  fossils  (Carbonif.);  also  details  concern- 
ing development  of  coal,  building  stone,  iron  ore.  A  list  of  fossils  from  the 
Keokuk  rock  Crawfordsvillc  is  appended. 

Geology  of  southeast  part  of  Clay  county.      E.  T.  Cox  Rep. 

1875,  pp.  42:i-4<)2. 

Describes  the  glacial  deposits, 'extent  of  paleozoic  rocks  (Carbonif.)  as  made  out  from 
borings. 

Geological  reconnoiseance  of  the  coal-measure  rocks  of  Putnam 


county.    E.  T.  Cox  Rep.  1875,  pp.  403-4(^8. 

Geological  reconnoissance  of  Jasper,  White.  Carroll,  Cass,  Wa- 


bash, Miami,  Howard,  Lawrence,  Knox  and  Gibson  counties.    E.  T.  Cox 

Rep.  1872,  pp.  291-337. 

Second  Annual  Report  of  the  Department  of  Statistics  and  Geol- 


ogy, 1888. 

Agricultural  and  health  statistics,  pp.  5-368. 

Geology  of  Indiana  (with  outlined  Geol.  map),  pp.  375-384. 

Brief  outline  of  geographical  extent  of  Geological  formations  by  counties;  de 

scribes  oolitic  limestone  and  Portland  cement.    Indiana  coal  versus  Pittsburg 

coal. 

The  mammoth  and  mastodon  remains  in  Indiana  and  Illinois.  Arch- 
eology, pp.  384-390.* 

Geology  of  Putnam  county,  pp.  397-426. 

Gives  a  connected  section  of  the  formations  of  the  county  (Quaternary,  Carbonif., 
Subcarbonif.)  and  sections  showing  local  details  bearing  on  stratigraphy;  fossils  ; 
tables  of  altitudes  in  Monroe  and  Putnam  counties. 
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CTeology  of  Monroe  county,  by  G.  K.  Greene,  pp.  426-499. 

Synopsis  of  the  MoHubcoub  Fauna  of  Indiana,  by  Frederick  Stein,  pp. 
453-467. 

Fossils  from  Silurian,  Devonians  and  subcarboniferous  rocks  of  In- 
diana, by  C.  A.  White  (descriptions  and  plates),  pp.  468-522. 

Department  of  Geology  and  Natural  History  (eleventh  annual 


report),  1881.    52  pi.;  maps. 

Statistics  concerning  the  production  of  coal,  and  its  cost,  etc. ;  increase  in  produc- 
tion in  ibe  coal-produclng  states :  also  notes  on  clays  (Kaolin)  Lawrence  county ; 
tabulated  statements  indicating  the  capital,  labor  and  appliances  devoted  to  the 
(luarryiug  of  stone  in  Indiana,  and  the  value  of  the  product;  brief  outline  of  the 
extent  of  the  oolitic  limestone  of  Owen,  Monroe,  Washington,  Harrison  and  Craw- 
ford counties  and  output  of  the  various  quarries ;  analysis,  pp.  13-33. 

Experiments  upon  the  transverse  strength  and  elasticity  of  building 
stones,  by  Thos.  H.  Johnson,  pp.  34-47. 

Tables  of  altitudes  between  Indianapolis  and  Cincinnati,  on  Cincin- 
nati, Indianapolis,  St  Louis  &  Chicago  Railroad  and  other  roada  in 
S.  Indiana,  pp.  47-54. 

Geology  of  Shelby  county,  pp.  55-88. 

Describes  topography ;  glacial  drift  (Collet's  Glacial  river) ;  Stratigraphic  Geology 

with  numerous  local  sections ;  a  list  of  fosfils  found  in  the  county  from  Dev. 

(cornifcrous)  and  Sil.  (Niagara) ;  notes  on  building  stone,  clays,  etc. 
Putnam  county.    Geology  and  Geography.    R.  T.  Brown,  pp.  89-125. 

Delaware  county.  Geology  of.    A.  J.  Phinney,  pp.  126-149. 

Gives  a  general  outline  of  the  topography;    Quaternary  and  Paleozoic  Geology 

(Silurian),  with  list  of  fossils  found  in  the  county  ;   notes  on  clays,  agriculture, 

etc. 

Bartholomew  county,  Geology  of.    Moses  N.  Elrod,  pp.  150-213. 

Descriptions  of  the  species  of  fossils  found  in  the  Niagara  group  at 

Waldron,  Ind.    Prof.  James  Hall,  pp.  214-345. 

Fossils  of  the  Indiana  rocks.    No.  2.    C.  A.  White,  pp.  347-375. 
With  description  and  plates  (37-43). 

VanCleave's  Fossil  Corals,  pp.  376-110. 
Description  and  plates  (44-55j. 

Geology  and  Natural  History  Ind.    (Twelfth  Annual  Report 


1882,  pp.  1-38. 

In  an  introductory  chapter  the  author  gives  observations  on  building  stone,  coal, 

glass,  sand,  clay,  gas  ;  United  States  surveys  :  growth  of  timber ;  Archaeology. 

Archaeology :    Indian  names  of  water  courses  in  the  state  of  Indiana. 
H.  W.  Beckwith,  pp.  39-44. 
11 
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Outline  Geology  of  Ind.  pp.  45-47. 

Newton  county  Geological  Survey,  pp.  48-()4. 

Describes  surface  configuratioiif  quaternary  and  paleozoic  formations,  accom- 
panied by  numerous  sectiouH. 

Jasper  county,  Geological  Survey  of,  pp.  65-78. 

Describes  recent  and  paleozoic  geology,  a  list  of  fossils  from  two  localities  :  notes 
on  clay,  iron,  building  stone,  petroleum ;  table  of  altitudes  in  Jasper  and  New- 
ton counties. 

Marion  county,  Report  of  a  Geological  and  Topographical  Survey ; 

R.  T.  Brown,  pp.  79-99. 
Decatur  county.  Geology  of.    M.  N.  Elrod,  pp.  100-152. 
Jay  county,  Geology  of.    D.  S.  McCaslin,  pp.  153-176. 
Randolph  county,  Geology  of.    A.  J.  Phinney,  pp.  177-195. 
Catalogue  of  the  flora  of  central-eastern  Indiana  by  A.  J.  Phinney, 

pp.  196-23(3. 
Paleontology — Van  Cleve's  fossil  corals,  identified  and  compiled  by 

Dr.  James  Hall,  pp.  239-270.    Descriptions  and  plates. 
Descriptions  of  fossil  corals  from  the  Niagara  and  upper  Helderburg 

groups  of  Ind.    Prof.  James  Hall,  pp.  271-375. 
Diatoms  of  the  waters  of  Ind.    Rev.  8.  L.  Curtis,  pp.  377-:384. 
Geology  and  Natural  History  of  Indiana  1883.    (Thirteenth  An- 


nual Report).    Part  I  Geology  and  Nat.  Hist.    Part  II  Paleontology. 

(Map.) 

Report  and  work  of  the  (reol.  Department.    Outlined  Geology  of  Ind.;  stone  coals 
of  Ind.;  pp.  1-10. 

Fuel  values  of  coals.    G.  M.  Livette,  pp.  10-11. 

Comparison  of  Ind.  Block  Coals  with  111.  coals.    £.  T.  Cox,  pp.  35-37. 

Posey  county.  Geology,  pp.  45-70. 

Describes  the  topography,  alluylal  and  drift  deposits  and  Pal.  formations ;  gives 
general  and  local  sections ;  notes  fossils  in  a  few  sections.    Economic  Geology. 

Morgan  county,  Geology  of.    R.  T.  Brown,  pp.  71-85. 

Rush  county.  Geology  of.    M.  N.  Elrod,  pp.  86-115. 

Johnson  county.  Geology  of.    D.  S.  McCaslin,  pp.  116-137. 

Grant  county,  Geology  of  A.  J.  Phinney,  pp.  138-153. 

Glossary  of  terms  commonly  used  in  Geological  reports.    W.  T.  S. 

Comett,  pp.  154-169. 

Principles  of  Paleozoic  Botany  (Pt.  II).    Leo.    Lesquereuz,  pp.  7-106. 

Fossils  of  Indiana  Rocks  (No.  3).    C.  A.  White. 

Geology  and  Natural  History  of  Ind.    (Fourteenth  Annual  Re- 


port).    Pt.  I,  Geology.    Pt.  II,  Postpliocene  Vertebrates  of  Ind.  1884. 
Outlined  Geology  of  Ind.,  pp.  18-19. 
Hamilton  and  Madison  counties,  Geol.  and  Topographical  Survey  of. 

R.  T.  Brown,  pp.  20-40. 
Fayette  county,  Geology  of.     M.  N.  Elrod,  pp.  41-60. 
Union  county,  Geology  of.    M.  N.  101  rod,  pp.  01-72. 
Drift  deposits  of  Indiana.    J.  S.  Newberry,  pp.  8r>-l>8. 
Ohio  river  floods,  pp.  99-102. 
Glossary  of  Terms  used  in  Geol.  Rep.  pp.  103-109. 
Post  pliocene  Vertebrates  of  Ind.    K.  D,  Cope  and  J.  L.  Wortman,  pt. 
II  pp.  3-41  (0  plates). 
Claypole,  E.  W.    Evidences  from  the  Drift  of  Ohio,  Indiana  and  Illin- 
ois in  support  of  the  preglacial  origin  of  the  basins  of  Lake  Erie  and 
Ontario,  A.  A.  A.  S.,  vol.  30, 1881,  p.  147. 
Cope,  E.  D.  and  Wortman,  J.  L.    Postpliocene  Vertebrates  of  Indiana. 
J.  Collett's  Rep.  iaS4,  pp.  3-41.    ((>  plates.) 

Give  H  brief  summary  of  some  Geological  facts  bearfug  upon  faunal  relations  in  this 
period.     (Quaternary).     Describes  nature  of  deposits  in  which  mammalian  re- 
mains are   most   frecpiently  found;    and  some  stractural  features  of  the  chief 
groups  of  mammalia  of  quaternary  times ;  also  descriptions  of  a  number  of  gen- 
era and  species.    Appendix,  Genus  Kquus. 

Oope,  E.  D.    Faunas  of  Wyandotte  and  Mammoth  Caves,  E.  T.  Cox  Rep. 

1872. 

: E.  T.  Cox,  Geol.  Rep.  1872. 

Fanuas  of  Wyandotte  Cave,  E.  T.  Cox,  Geol.  Rep.  1876-78. 

Cox,  E.  T.  Second  Rep.  Geol.  Surv.  Ind.  (Maps  of  counties)  1870. 
Gives  general  outline  of  quaternary  deposit^};  emphasizes  the  importance  of  the  coal 
in  Indiana;  gives  analyses  and  sections  from  Sullivan,  Daviess,  Martin  counties ; 
general  observations  on  coals  of  Knox,  Dubois,  Pike,  Gibson,  Warrick,  Spencer, 
Perry,  Vanderburg,  and  Posey  counties.  The  Geol.  formations  and  economic  pro- 
ducts and  fossils  are  briefly  described, 

Putnam  and  Vigo  counties.    Observations  on  mineral  springs,  coals; 
also  paper  by  Dr.  T.  Sterry  Hunt,  oil  wells  of  Terre  Haute,  pp.  118- 
163. 
#    Western  Coal-Measures  of  Ind.  pp.  164-187. 

Sullivan  county.  Geology  of.    J.  Collett  Rep.  pp.  191-240. 
Jefferson  county.  Catalogue  of  the  Flora  of.    A.  H.  Young,  pp.  24o- 
28H. 
How  to  prepare  and  cook  fish  and  other  animal  food.    S.  Col- 
lett's Rep.  1884. 
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Temperature  of  two  deep  bores  in  Indiana.    Proc.  A.  A.  A.  S. 

vol.  24,  p.—,  1875. 

Western  coal  measures  of  Indiana..   A.  A.  A.  8.  vol.  20,  (B.  Nat. 


Hist.  Soc.)  236^252. 

Analysis  of  Peat  from  northern  counties  of  Ind.    T.  Collett's 


Rep.  1883. 

Third  and  fourth  Annual  Reports  of  Geol.  Sarv.  Ind.  1871-72. 


Introductory  chapter  treats  of  the  development  of  the  coal  seams,  gives  numerous 
analyses  of  samples  from  various  parts  of  the  area ;  discusses  coking  qualities  of 
the  coals  (Sullivan,  Daviess,  Dubois,  Pike;  Spencer  counties). 

Perry  County,  Geol.  of.    pp.  62-143. 

Discusses  especially  the  extent  and  development  of  the  coal  seams,  and  strati- 
graphy of  subcarboniferous  and  coal  measures,  and  economic  use  of  the  quaternary 
deposits ;  describes  building  itone,  lime,  oil  wells ;  describes  and  illustrates  the 
opening  and  working  of  coal  seams. 

Geological  notes  of  a  trip  from  New  Albany,  in  Floyd  county,  to  Harri- 
son and  Crawford  counties,  pp.  145-182. 

Describes  the  general  geological  features ;  Putnam  and  Wyandotte  caves,  and  their 
fanuas  (the  latter,  £.  D.  Cope). 

Dubois  and  Pike  counties,  Geology  of.    pp.  192-287. 

Describes  the  Statigrapby  with  numerous  sections  from  various  parts  of  the 
county,  showing  positions  of  coal  seams ;  gives  list  of  fossils  from  sections  exam- 
ined ;  mentions  clays,  iron,  building  stone.    . 

Jasper,  White,  Carrol,  Cass,  Miami,  Wabash  and  Howard  counties. 

Geol.  reconnoissance  of  Prof.  John  Collett,  pp.  291-337.' 

Parke  county,  Report  olGeol.  Surv.  of.    B.  C.  Hobbs,  pp.  341-384. 

Dearborn,  Ohio  and  Switzerland  counties,  Geology  of.    pp.  387-434. 

Describes  surface  features,  topography,  stratigraphy,  lower  and  upper  Silurian, 
drift,  terrace,  building  stone,  hydraulic  cement,  clays,  iron  ore. 

*  Meteorology  of  Vevay,  Switzerland  county.    C.  G.  Boemer. 

Fifth  Annual  Report.    Ind.  Geol.  Surv.  made  during  year  1873, 

(maps  and  wood  cuts). 
Report  of  Vienna  exposition  (maps),  pp.  5-12. 

The  Iron  and  Steel  Industries  of  Rhenish  Prussia  and  Westphalia, 
Germany,  at  the  Vienna  Exposition  (maps),  1873.  Hugh  Hartmann. 
pp.  13-70.  ♦ 

Spiegeleisen  manufacturing.    Hugh  Hartmann,  pp.  71-101. 
Report  on  iron  ores  of  Clark  and  Floyd  counties,    p.  102. 

Describes,  in  addition,  the  use  of  raw  coal  in  the  blast  furnace ;  cooking  qualities 
of  Indiana  block  coal ;  hydraulic  cement,  mounds. 

Clark  and  Floyd.    Report  of  a  Geol.  Surv.  of.    W.  W.Borden,  pp.  134- 

189. 
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Warren  county,  Geology  of.    John  Collett.    pp.  191-259, 

Description  of  Reptilian  footprints,    p.  247. 

Lawrence  county,  Geology  of.    John  Collett.    pp.  200-314. 

Kooz  county.  Geology  of.    John  Collett.    pp.  375-382. 

Gibson  county,  Geology  of.    John  Collett    pp.  383-430. 

Dekalb,  Steuben,  I^agrange,  Elkhart,  Noble,  St.  Joseph,  and  Laporte. 

Observations  on.    G.  M.  Levette.    pp.  430-474. 
Annual  report  of  the  Geological  Survey  of  Indiana  for  1874,  p. 


287 ;  two  plates  and  maps.  (County  reports  by  Cox,  Collett  and  Borden ; 
fossil  lists  by  Hatfield  and  Comett ;  papers  on  fishes,  Jordan ;  on  botany, 
Coulter.) 

In  the  chapter  on  geology  it  give8  a  sketch  of  continental  development;  a  list  of 
Loch's  fossils;  reports  the  discovery  of  Porcelain  clay,  and  tables  of  analyses  of 
clays  and  of  iron  ore. 

Geological  survey  of  Indiana,  1875,  (with  maps  of  several  of 


the  counties  appended). 

Describes  briefly  the  varieties  of  Indiana  coals;  discusses  their  industrial  values  and 
the  method  of  analysis  of  coals,  which  should  be  followed,  and  reviews  the  Geo- 
logical work  ac-complished  during  the  year.  Analysis  of  coals  from  Clay,  Owen, 
Fountain,  Vanderburg,Greene,Warrick,  Posey,  Sullivan,  Daviess,  Vermillion,  Vigo, 
Parke,  Montgomery,  Fayette  (Pa.),  Mecklenburg  (Ky),  Lignite,  Robertson  county 
(Tex). 

Geology  of  Vigo  county,  pp.  71>-115. 

Traces  the  vtirious  coal-seams  and  gives  numerous  sections  from  quaternary  and 
the  coal- bearing  areas.    Building  stone,  clays,  petroleum,  iron  ore. 

Huntington  county,  pp.  116-133. 

The  only  rocks  represented  here  belong  to  Paleozoic  (Niagara),  followed  directly 

by  glacial  drift.    Reference  is  made  to  the  fossils  of  the  Niagara  to  Glacial  drift 

(qaaternary.) 

Species  of  Fossil  Marine  Plants  from  the  carboniferous  measures,  pp. 

135-145,  by  L.  Lesqnereux. 

Jennings  and  Ripley  counties,  pp.  140-202. 

Describes  the  stratigraphic  features  of  the  geol.  formations  represented,   viz : 
Quaternary.  Devonian  (Hamilton),  Up.  Silurian. 

Orange  county,  pp.  203-239,  by  M.  N.  Elrod  and  E.  8.  Mclntire. 

Vanderburg,  Owen  and  Montgomery   counties,   Greology  of.    John 

Collett,  pp.  240-422. 
Clay  county.  Geology  of.    John  Collett,  pp.  423-462. 
Geological  Reconnoissance  of   the  Coal  Measure  Rocks  of  Putnam 

county.    John  Collett,  pp.  463-468. 


166 


Observations  on  the  depths  and  temperatures  of  some  lakes  of  North- 
ern Indiana.    G.  M.  Levett,  pp.  469-503. 

Catalogue  of  the  Flora  of  the  Wabash  valley  below  the  mouth  of  White 
river,  and  observations  thereon,  by  J.  Schneck,  pp.  504-576. 

Eighth,  Ninth  and  Tenth  Annual  Reports  of  the  Geol.  Survey 


of  Ind.,  made  during  the  years  1876-78  with  maps. 

Discusses  the  nature  and  extent  of  the  Cincinnati  arch  whether  anticlinal  or  syn 

clinal ;  the  processes  of  development,  growth  of  subsequent  formations  in  Indiana, 

Ohio  and  Kentucky. 

Catalogue  of  fossils  found  in  the  Hudson  river,  Utica  Slate,  and  Tren- 
ton Groups  as  exposed  in  S.  E.  Ind.,  S.  W.  Ohio  and  northern  part 

of  Ky.    S.  A.  Miller. 

statements  of  the  views  of  eastern  and  western  Geologists  on  the  "Cincinnati 
Group  "  and  its  eastern  equivalents  ;  extent  and  analysis  of  hydraulic  cement 
and  building  stone.  Also  brief  outline  of  glacial  theories  and  deposits  in 
Indiana. 

Wayne  county,  Geology  of. 

Discusses  briefly  the  topography  and  hydrography  and  development  of  the  geolo- 
logical  formations. 

Catalogue  and  check-list  of  the  Trees  and  Woody  Shrubs  of  America, 

north  of  Mexico.    John  W.  Byrkit,  pp.  275-290. 

Geological  Report  on  Harrison  and  Crawford  counties.    John  Collett, 

pp.  291-522. 

Observations  on  Wyandotte  Cave  and  its  Fauna.    (E.  D.  Cope.) 

Oornett,  "W.  J.  S.    List  of  Silurian  and  Dev.  fossils  of  Jefiferson  county, 

Ind.  Geol.  Surv.  74. 

Glossary  of  Terms  commonly  used  in  Geological  Reports.    J. 

Collett*s  Rep.  1883. 

Ooulter,   J.   M.  and  Thompson,  H.     Origin  of  Indiana  Flora.    M. 

Thompson's  Rep.  1885-8(>,  pp.  253-282. 

Ooulter,  J.  M.    Some  Glacial  Actions  in  Indiana  Science,  vol.  II,  p.  6, 

1883. 

Crawford  county.  Geology  of.    Owen,  R. 

E.  T.  Cox,  do  1876-77-78.    J.  Collett*s  Rep.  1881. 

Orinoidea,  Classification  of.    Miller,  1888. 

Ourtls,  J.  L.    Diatoms  of  the  waters  of  Indiana.    J.  Collett's  Rep.  1882, 

pp.  377-384. 

Oystidians,  Hubbard. 

Dana,  J.  D.  and  Quyot,  A.    Artesian  Well  at  Terre  Haute,  A.  J.  S. 

(Second  series)  vol.  XLVII,  p.  270. 
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Authors    record    the  thlckncBs    and  character  of   strata  through  which  the  well 
passed. 

Daviess  county,  Geology  of.  R.  Owen's  Rep.  1859-()0,  do  Cox,  E.  T., 
1S72,  do  1S70,  do  1875.    J.  Collett's  Rep.  1883.     (Coal,  see  I^squereux). 

Dearborn  county,  Geology  of.  R.  Owen's  Rep.  18o9-()0.  E.  T.  Cox's 
Rep.  1872.  Flora  of.  M.  Thompson's  Rep.  1888.  Gas.  (See  Phinney, 
Natural  Gas  in  Indiana.) 

Decatur  county,  Geology  of.  R.  Owen's  Rep.  1859-00,  do  J.  Collett's 
Rep.  188*2.    (las  and  oil.     (See  A.  J.  Phinney,  Natural  Gas  in  Ind.) 

DeKalb  county.  Geology  of.  R.  Owen's  Rep.  1859-(>0,  do  E.  T.  Cox's 
Rep.  1873,  M.  Thompson's  Rep.  1888.  Gas  and  oil.  (See  A.  J.  Phin- 
ney, Natural  Gas  in  Indiana.) 

Delaware  county.  Geology  of.  J;  Collett's  Rep.  1881 ;  M.  Thompson's 
Rep.  1885-8(5.    Gas.    (See  Phinney,  Natural  Gas  in  Indiana.) 

Dennis,  D.  "W.  Analytical  key  to  the  fossils  of  Richmond,  Ind.,  1889. 
pp.  1-48. 

Devonian.     Fossils  of  Jefferson  county.    Whitfield.    Cornett,  1874. 

Deverneuil,  M.    Memoir  on  the  parallelism  of  American  and  European 

formations. 

Mcutions  the  black  slate  of  Indiana,  Kentucky  and  Tennessee.    He  considers  it  the 

e<iuival('nt  of  the  "(lenesee"  of  the  New  York  series.    (See  also  Bull.  Geol.  Sec. 

France  vol.  IV,  2d  series.) 

Dryer,  O.  R.    Geology  of  Dekalb  county.    M.  Thompson's  Rep.   1888, 

pp.  1»S-101. 

Describes  surface  features,  extent  and  nature  of  glacial  drift,  moraines,  lakes,  etc., 
sections  as  exhibited  by  borings. 

Geology  of  Allen  county.    M.  Thompson's  Rep.  1888,  pp.  105- 

129. 

Describes  the  topographical  features  and  charactor  of  the  drift  which  covers  the 
entire  eounty ;  well  section  at  Fort  Wayne. 

Geol.   Report  of  Steuben  county.    S.  S.  Gorby  (17th  annual 


Rep.)  1891. 

Describes  the  physical  features  of  the  moranic  deposits,  associated  lakes  and  drainage. 

History  of  the  T'pperMaumee  Valley,  Chicago,  1888.    Map  of  the 


drift  of  Northeast  Indiana,  1893. 

Dubois  county.    Geology  of.    R.  Owen's  Rep.  ia')9-()().    E.  T.  Cox,  1872, 
do  1870. 

Coal.    See  Collett's  Rep.  1883,  do  Lesquerenx. 
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Soonomio  Geology. 

Olays.    Ck)x,  £.  T./^P*  ^^'^0,    Dayies,  Martin,  Sullivan  counties;  do 

1872,  Dubois,  Pike,  Park  counties ;  do.  1873  Warren  county;  do.  Cox's 

Rep.  1874. 

Cox,  E.  T.,  Rep.  1875.    Vigo,  Orange  counties. 
Cox,  E.  T.,  Rep.  1876-78.    Analyses  of  clays. 

Collett,  J.,  Rep.  1880.    Monroe  county. 

Collett,  J.,  Rep.  1881.    Bartholomew,  Delaware,  Shelby  counties. 

Collett,  J.,  Rep.  1882.    Clays  of  Indiana. 

Collett,  J.,  Rep.  1883.    Rush,  Grant  counties. 

Thompson,  M.,  Rep.  1885-86.    Clay  of  Indiana;  do,  Marshal  county. 

Thompson,  M.,  Rep.  1888.    Clays  of  Indiana  (DeKalb  county). 

Kaolin,  Statistics  of  production,  10th  census  U.  8.,  p.  842,  848-849. 
Goals.    Cox,  E.  T.,  Rep.  1870.    Western  measures  and  Ind.  coal. 

Cox,  E.  T.,  Rep.  1870.  Daviess,  Martin,  Sullivan.  Notes  on  Knox,  Du- 
bois, Pike,  Gibson,  Warrick,  Spencer,  Perry,  Posey,  Vanderburg 
counties. 

Cox,  E.  T.,  Rep.  1872.  Clay,  Dubois,  Pike,  Jasper,  White,  Carroll,  Cass, 
Miami,  Wabash,  Howard,  Park  counties. 

Cox,  E.  T.,  Rep.  1872.    Development  and  analysis  of  coals. 

Cox,  E.  T.,  Rep.  1872.    St.  Joseph  county  (peat). 

Cox,  E.  T.,  Rep.  1873.    Warren,  Knox,  Gibson  counties. 

Cox,  E.  T.,  Rep.  1875.  Analyses  of,  from  Clay,  Owen,  Fountain,  Van- 
derburg, Greene,  Warrick,  Posey,  Sullivan,  Daviess,  Vermillion, 
Vigo,  Parke,  Montgomery,  Fayette,  (Pa.),  Macklenburg,  (Ky.)  Rob- 
ertson, (Tex.)  counties. 

Collett,  J.,  Rep.  1880.    Ind.  coal  vs.  Pittsburg  coal. 

Collett,  J.,  Rep.  1881.    Cost  and  increase  of  production. 

Collett,  J.,  Rep.  1881.    Putnam  county. 

Collett,  J.,  Rep.  1882.    Observations  on  Ind.  coal. 

Collett,  J.,  Rep.  188:1    Fuel  values  of  coals,  do.  (Clay,  Gibson  counties). 

Collett,  J.,  Rep.  1883.    Comparison  of  Ind.  block  with  111.  coals. 

Collett,  J.,  Rep.  1883.    Analysis  of  peat. 

Collett,  J.,  Rep.  1883.    Stone-coals  of  Ind. 

Thompson,  M.,  Rep.  1885-80.    Washington  county. 

Min.  resurces  of  U.  S.  1885,  p.  11-29. 

Owen,  R.    Gibson  and  Green  counties.    See  Lesquereux. 

Indiana  Coal.    Min.  resources  of  U.  S.  1886,  pp.  228,  230,  261. 


169 

Annual  protiuction  of,  p.  265. 

Mines,  classification  of,  p.  202. 

Annual  production  of,  1887,  p.  243. 

Gas  coals,  comparison  with  Pittsburg  coals,  p.  242. 

Mines  and  wages,  p.  242. 

Statistics  on  production,  consumption  of,  Min.  Res.  V,  S.  1888. 

Statistics  on  production  of,  10th  census  U.  S.  18H0. 

The  following  are  reported  upon :  Clay,  Daviess,  Dubois,  Fountain,  Gib- 
son, Greene,  Harrison,  Knox,  Martin,  Owen,  Park,  Perry,  Pike, 
Spencer,  Sullivan,  Vanderburg,  Vermillion,  Vigo,  Warren,  Warrick. 

Indiana  coal  fields.    Clay,  Dubois,  Perry,  Pike,  Posey,  Spencer,  Vander- 
burg and  Warrick  counties.    (See  Lesquereux.) 
Thomp8on*s  Rep.  1888. 
Cannelton.    (See  Lesley.) 
Ooke.    Character  of  Ind.  coking  coals,  10th  census  U.  S.  mining  indus- 
tries, 1880,  p.  48. 

History  of  the  coking  industry,  10th  census  V,  S.  1880,  p.  27-28. 
Gas.    Collett,  J.,  Rep.  1H82.    Observations  on  Gas  in  Indiana. 

Collett,  J.,  Rep.  1883.  Observations  on  Gas  in  Indiana.  Article  on  com- 
parison of  Indiana  block  with  Illinois  coals. 

Thompson,  M.,  Rep.  1885-86.    Natural  Gas.    What  is  it? 

Thompson,  M.,  Rep.  1888.    Natural  Gas  and  Petroleum. 

Gorby,  S.  S.,  Rep.  1890.  (See  Jordan,  E.  J.  S.)  Gas  in  Grant,  Howard, 
Tipton,  Hamilton,  Madison,  Hancock,  Delaware,  Blackford,  Henry 
and  Rush  counties. 

Gas  field  of  Indiana.    (SeeLeveritt.) 

Natural  Gas  field  of  Indiana.  Eleventh  Ann.  Rep.  of  Director  of  U.  S.  G.  S. 
(See  Phinney)  pp.  617-742. 

Rock  Gas  and  Related  Bitumens.  Eleventh  Ann.  Rep.  of  Director  of 
U.  S.  G.  S.    (See  Magee,  W.  T.) 

Natural  Gas  in  Indiana.  Min.  Resources  of  U.  S.  1886,  p.  508 ;  do  1887, 
pp.  485,  488,  489 ;  do  1888,  p.  486. 

Orton,  Edward.    Origin  of  the  Rock  Pressure  of  the  Natural  Gaaes  of 
the  Trenton  lime  stone  of  Ohio  and  Indiana.    A.  J.  S.  Ill,  vol.  29, 
p.  225. 
Gold  in  Indiana.    (See  Sutton.) 

Gold  in  Indiana.  (See  Cox's  Geol.  liep.  1878,  p.  110,  Morgan  and  Brown 
counties.) 
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Gold  in  Indiana.    (See  Cox's  Geol.  Rep.  1874,  p.  —  )*Bean,  Bloas.  and 
Salt  creeks. 

Gold  in  Indiana.    (See  CJox's  Rep.  1875,  p.  370.)    Montgomery  and  War- 
ren counties. 
Hydraulic  Cement.    Analysis  of.    E.  T.  Cox's  Rep.  1876-78.    J.  Col- 

lett's  Rep.  1883;  8.  S.  Gorby's  Rep.  1891. 

J.  Collett's  Rep.  1883,  pp.  38-44.    Economic  Geology  of  the  state. 

S.  S.  Gorby's  Rep.  1891,  p.  54. 

Indiana  Cements.    Mineral  Resources  of  U.  S.  1885,  p.  406. 
Ores  and  Minerals.    E.  T.  Cox's  Rep.  1870.    Ores  of  Daviess,  Martin, 
Sullivan  counties. 

E.  T.  Cox's  Rep.  1872.    Ores  of  Dubois,  Pike,  Parke  counties. 

E.  T.  Cox's  Rep.  1873.    Ores  of  Lawrence,  Knox,  Gibson  (iron). 

E.  T.  Cox's  Rep.  1875.    Vigo  county  (iron). 

J.  Collett's  Rep.  1880.    Monroe  county  (iron). 

J.  Collett's  Rep.  1882.    Jasper  county  (iron). 

J.  Collett's  Rep.  1883.    Morgan  and  Rush  counties. 

Min.  Resources  of  U.  S.  1885,  p.  88. 

M.  Thompson's  Rep.  1885-86.    Washington,  Boone  counties  (iron). 

M.  Thompson's  Rep.  1888.    Outline  sketch  of  the  minerals  of  Indiana. 

Iron  Ores  of  Indiana,  10th  Census  U.  S.  Mining  Industries,  1880. 

XovacuUte.    Mineral  Resources  of  U.  S.  1886,  p.  592. 

Minerals  of  Indiana.    Min.  Resources  of  U.  S.  1887,  p.  727. 

Mineral  Waters  of  Indiana.    Min.  Resources  of  U.  S.  1887,  p.  683. 
Oil.     E.  T.  Cox's  Rep.  1870.    Putnam,  Sullivan,  Vigo  counties. 

E.  T.  Cox's  Rep.  1872.    Perry  county  (oil  wells). 

E.  T.  Cox's  Rep.  1875.    Vigo  county. 

E.  T.  Cox's  Rep.  1876-78.    Harrison  and  Crawford  counties. 

J.  Collett's  Rep.  1883.    Jasper  county. 

Leverett.    Am.  Geol.  vol  IX,  pp.  6-20. 

Petroleum.    Min.  Res.  of  U.  S.  1888,  p.  464. 

Petroleum  in  Indiana.    Tenth  Census  of  U.  S.  1880,  p.  26  and  p.  37. 

Hunt,  Dr.  T.  S.    Oil  wells  of  Terre  Haute,  Ind.    A.  J.  S.  Ill,  vol.  I,  p. 
360. 
Salt.     Mineral  Resources  of  U.  S.  1886,  p.  628. 

Salt.     Mineral  Resources  of  U.  S.  18S7,  p.  611. 
Stone  (building).    E.  T.  Cox's  Rep.  1870.    Daviess  and  Martin  counties. 

E.  T.  Cox's  Rep.  1872.    Perry  and  Dubois  counties. 
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K.  T.  Cox'b  Rep.  1873.    Warren,  Lawrence  and  Gibson  counties. 

E.  T.  Cox's  Rep.  187o.    Vigo  and  Orange  counties. 

E.  T.  Cox's  Rep.  1 876-78.    Harrison  and  Crawford  counties. 

J.  Collett's  Rep.  18S0.    Oolitic  Limestones. 

J.  Collett*s  Rep.  1881.    Oolitic  stone  quarrying  appliances,  output,  etc., 

in  Owen,  Monroe,  Washington,  Harrison  and  Crawford  counties. 
J.  Collett's  Rep.  1881.    Putnam  and  Bartholomew  counties. 
J.  Collett's  Rep.  1881.    Transverse  strength  of  building  stone. 
J.  Collett's  Rep.  1882.    Jasper  and  Decatur  counties.    Observations  on 

building  stone. 
J.  Collett's  Rep.  1883.    Economic  Geology  of  the  state,  pp.  38-44.    Grant 

county  quarries. 
J.  Collett's  Rep.  1884.    Quarries  in  Tnion  county. 
M.  Thompson's  Rep.  1S85-86.    Indiana  Building  Stone. 
M.  Thompson's  Rep.   1S85-S().    (Quarries  in  Washington  and  Benton 

counties. 
M.  Thompson  Rep.  1888.    Outline  sketch  of  the  valuable  minerals  of 

Indiana,  pp.  77-85. 
S.  S.  Gorby*8  Rep.  1891.    Quarrying  industry  in  Indiana. 
Limestones  of  Indiana.    Mineral  Resources  of  V,  S.  188l>,  p.  541. 
Structural  Materials.    Mineral  Resources  of  V.  S.  1887,  p.  509. 
Structural  Materials.    Mineral  Resources  of  U.  S.  1888,  p.  524. 
Descriptions  of  Quarries  and  Quarrying  Regions  in  Indiana.  Tenth  Cen- 
sus of  I'.  S.  1880,  pp.  215-219. 

Knumerates  the  counties  yielding  building  stone,  the  companies  and  describes 
brioUy  the  character  of  the  stone  and  where  used. 

Indiana  Marble  and  Limestones  10th  Census  Rep.  V.  S.  1880,  pp.  50,  51, 

84,  87. 

Indiana  Sandstones  in  10th  Census  Rep.  V.  S.  1880,  pp.  50,  51,  .s<>,  87. 

Elkhart.     E.  T.  Cox.    Geol.  Rep.  1873. 

Geology  of  Fayette  and  Union  counties.    E.  T.  Cox.    Rep.  1884. 

Elrod,  M.  N.,  and  Benedict,  A.  O.    Geology  of  Wabash  county.    S.  S. 

Gorby,  1891  (17th  annual  report). 

Describes  the  topography,  stratigraphy  (with  general  section) ;  quaternary  deposits ; 
its  fossil  conteut.«<.    Discusses  gas-dcvelopments  and  gives  numerous  well-sections. 

Elrod,  M.  N.    Geology  of  Bartholomew  county.    J.  Collett's  Rep.  1881, 
pp.  150-21:5. 
Describe'^  the  topography,  glacial  depositi<  (Ck>llctt'8  glacial  river  valley),  paleozoic 
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formations  with  connected  section  and  local  details  (Carbonif.  Dev.  8il.) ;  gives  lists 
of  Hartsville  fossils  and  notes  on  mineral  springrs,  building  stonex,  clays,  etc. 

Geology  of  Decatur  county.    J.  CoUett'e  Rep.  1882,  pp.  100-152. 


Describes  the  topography,  quaternary  deposits  and  paleozoic  formations ;  gives  tab- 
lated  lists  of  fossils  from  Sil.  and  Dev.  rocks :  sections  from  quarries ;  notes  on  the 
character  of  building  stone.    Archeeology. 

Geology  of  Rush  county.    J.  CoUett's  Rep.  1883,  pp.  8d-115. 


Describes  drainage,  topography,  physical  features  and  fossils  of  corniferous  and  Ni- 
agara rocks ;  glacial  features ;  mentions  the  occurrence  of  clays,  iron  ores,  mineral 
springs,  Archseologlcal  relics. 

Geology  of  Union  county.    J.  Collett'e  Rep.  1884,  pp.  61-72. 


Gives  general  description  of  quaternary  deposits  and  paleozoic  rocks,  with  lists  of 
Hudson  river  fossils ;  local  details  gathered  from  sections  in  the  quarry  region. 

Greology  of  Fayette  county.    J.  CoUett's  Rep.  pp.  41-60. 


Discusses  topography,  drainage,  character  of  drift  deposits,  extent  of  paleozoic  rock 
and  its  fossils. 
Elrod,  M.  N.,  and  Mclntire,  B.  S.    Geology  of  Orange  county.    E.  T. 

Cox  Rep.  1875,  pp.  146-239. 

Discrlbes  briefly  the  topography  and  structural  features  of  the  geological  formations 
(Carboniferous  and  Subcarboniferous). 'millstone  grit  (Chester  and  St.  Louis),  with 
vortical  sections,  and  relation  of  fossil  horizons  indicated.  Reference  is  also  made 
to  mineral  springs  of  the  county  (French  Lick,  West  Baden),  with  analysis  of  iron 
ores,  whet  stones,  building  stone  and  clays,  pp.  24(M22. 

Fayette  (Pa.r.    E.  T.  Cox  Rep.  1875. 

Fayette  county  Geologry*    J-  CoUett's  Rep.  1884. 

Owen,  Richard. 

Floyd,  S.  Mounds  and  earthworks  in  Vanderburg  cc^inty,  Indiana.  An- 
nual Rep.  Board  of  Regents  of  the  Smithsonian  Inst.  1881.  47th  Con- 
gress, 1st  session.    Senate  Mis.  Doc.  No.  109. 

Floyd  county.  Geology  of.    Owen,  R. 

Fountain  county,  Geology  of.    Owen,  R. 

E.  T.  Cox,  Geol.  Report,  1875 ;  coal,  J.  CoUett's  Rep.  1883. 

Franklin  county.    Alluvial  terraces.    Quick,  £. 

Fossils.    Moore,  R.  D. 

— ■■ Corals,  Moore,  R.  D. 

Gas  (see  Phinney,  Natural  Gas  in  Indiana). 

Geology  of.    Owen,  Richard. 

Fulton  county.    Geology  of.    Owen,  R. 

Gibson  County.  Coal.  Geol.  Rep.  E.  T.  Cox;  1870,  do.  1873.  J.  Col- 
lett*8  Rep.  1883. 


178 

Goldsmith,  E.    Basanite  from  Crawford  county,  Ind.    Proc.  Acad.  Nat. 

Sci.  vol.  12, 1889-90. 
Qorby,  S.  S.    Department  of  Geology  and  Natural  Resources  (Ind.) 
Seventeenth  Annual  Report,  1K91. 
A  report  upon  the  various  stones  used  for  building  and  found  in  Indi- 
ana.   Maurice  Thompson,  pp.  18-112. 
Steuben  county,  Geology  of.    C.  R.  Dryer,  pp.  114-134. 
A  partial  catalogue  of  the  flora  of  Steuben  county.    £.  Bradner,  pp. 

135-159. 
Carroll  county.  Geology  and  Natural  History  of.    Maurice  Thompson, 

pp.  171-191. 
Wabash  county,  (neology  of.    M.  N.  Elrod  and  A.  C.  Benedict,  pp.  192- 

259.    Flora  of  Wabash  county,  pp.  260-272. 
Report  of  the  Inspector  of  Mines.    S,  McQuire,  pp.  273-298. 
Report  of  State  Supervisor  of  Oil  Inspection.    N.  J.  Hyde,  pp.  291>-321. 
Petroleum  in  Indiana.    A.  C.  Bendict,  pp.  306-325. 
Report  of  Supervisor  of  Natural  Gas.    E.  T.  J.  Jordan,  pp.  326-364. 
A  catalogue  of  the  butterflies  known  to  occur  in  Indiana.    W.  S.  Blach- 

ley,  pp.  365-408. 
The  Batrachians  and  Reptiles  of  the  State  of  Indiana.    ().  P.  Hay,  pp. 

409-611. 
Paleontology.    S.  A.  Miller,  pp.  611-686. 
'A  Terminal  Moraine  in  Central  Indiana.    M.  Thompson's  Rep. 

1885-86. 

Deucribes  the  physical  feature  and  enumerates  the  counties  throuh  which  moraine 
extends. 

Geology  of  Tippecanoe  county.    M.  Thompson's  Rep.  1885-86, 


pp.  61-96. 

Describes  topography,  drainage,  stratigraphy  (Carbonif.  Dev.  Sil.)  drift,  its  physical 
features  (sections). 

Geology  of  Washington  county.    M.  Thompson's  Rep.  1885-86, 

pp.  117-153. 

Describes  topography  and  drainage;  gives  a  connected  section  across  the  county 
(Qunt.  Subcarbouif.);  gives  list  of  fossils  from  the  subdivisions  of  sab-carbonifer- 
ous ;  describes  briefly  the  economic  value  of  the  limestones  of  the  county:  the  ex- 
tent of  coal,  iron,  drift,  caves. 

Geology  of  Benton  county.    M.  Thompson's  Rep.  1885-86,  pp. 


196-220. 

Describes  topography,  drainage  ;  general  section  of  the  county  (Qaaternary,  Snbcar- 
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I)ODiferou8);  describes  subcarboniferoos  as  exhibited  in  various  quairles  ;  nature 
and  thickness  of  the  drift  as  made  ont  from  borings. 

Wabash  Arch.    M.  Thompson's  "Rep.  1885-86,  pp.  228-241. 

Prehistoric  Race  in  Indiana.    M.  Thompson's  Rep.  1885-86,  pp. 


286-313. 

Geology  of  Miami  county.    M.  Thompson's  Rep.  1888,  pp.  165- 

188. 

Describes  topography  drainage ;  physical  features  and  depth  of  the  drift ;  clays,  sand 
iron  ore ;  stratigraphy  (Dev.  8il.),  natural  gas,  well  sections. 

Natural  gas  and  petroleum.    M.  Thompson's  Rep.  1888. 


Discusses  origin  of  gas ;  anticlinial  and  sea  level  theories;  surface  indications  of  gas 
and  oil ;  structural  features  of  Indiana  oil  field;  gives  well  sections;  altitudes 
discusses  economic  use  of  natural  gas. 

List  of  specimens  in  the  State  Museum.     M.  Thompson's  Rep. 

1888,  pp.  :^i-472. 

Qorby,  S.  S.  and  Lee,  S.  B.     Geology  of  Boone  county.    M.  Thomp- 
son's Rep.  1885-86,  pp.  160-176. 

Describes  the  surface  features,  drainage  and  glacial  deposits,  its  depths  as  revealed 
by  borings  (no  pal.  formation  exposed). 

G-rant  county,  Geology  of.    J.  Collett's  Rep.  1883.    Gas.  (see  Phinney, 

Natural  (fas  in  Indiana.) 
Q-reenbrier  Q-roup.     (See  T.  J.  Stevenson.) 
Greene  county.     E.  T.  Cox's  Rep.  1875.    Coal.    J.  Collett's  ReJ).  1883. 

R.  Owen's  Rep.  ? 
Greene,  G.  K.    Geology  of  Monroe  county,  J.  Collett's  Geol.   Rep. 
1880,  pp.  42(>-490. 

Gives  brief  description  of  the  lithological  characters  of  subcarboniferons  with  nu- 
merous sections  and  their  fossils ;  reference  is  also  made  lacustral  and  glacial  de- 
posits, iron  ore,  building  stone,  clays,  etc. 

Gurley,  P.  B.     (See  Miller,  S.  A.) 

Haines,  Mrs.  Mary.    List  of  Silurian  fossils  from  Richmond,  Ind.    E.  T. 

Cox  Geol.  Rep.  1876-77-78. 

List  of  plants.    E.  T.  Cox,  Geological  Rep.  1876-77-78. 

Hall,  Dr.  James.    Notice  of  some  new  species  of  fossils  from  a  locality 

of  the  Niagara  group  in  Indiana.     Vol.  IV  Trans.   Albany  Inst.   1862  ; 

Trans.  Albany  Inst.  1879 ;  also  N.  Y.  St.  Mus.  Rep.  1876. 
Description  of  the  species  of  fossils  found  in  the  Niagara  group 

at  Waldron.    J.  Collett's  Geol.  Rep.  1881. 

VanCleve's  fossil  corals.    J.  Collett's  Rep.  1882. 

Descriptions  of  fossil  corals  from  the  Niagara  and  upper  Helder- 
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berg  grroups  of  Indiana.     (Plates.)    J.  Collett's  Rep.  1882. 

Descriptions  of    the  fossil  reticulate  sponges,  constituting  the 


family  Dictyospongida?  (4  plates).    3oth  Ann.  Rep.  N.  Y.  Mus.  Nat. 
Hist.,  1884. 
The  following  genera  from  the  Keokuk  beds  about  Crawfordsville  are 

figured  and  described :       Dictyophyton,  Ketenodictya,  Lyrodictya, 

Phyagmodictya,  Cleodictya,  Physopongia. 
Descriptions  of  some  new  species  of  fossils  from  the  carbon- 


iferous limestones  of  Indiana  and  Illinois.    Trans.  Albany  Inst.,  vol.  IV, 

pp.  l-:^7. 

See  also  A.  J.  8.,  vol.  XXIV  isecond  series),  p.  270, 

Notice  of  some  new  species  of  fossils  from  the  Niagara  of  In- 


diana, with  list  of  identified  species  from  the  same  place.    Pub.  May  2d, 

18S3  {'M  pp.  Svo). 

Abstract  read  before  Albany  Inst..  April  29th,  1802. 

Hancock  county.  Geology  of.  R.  Owen's  Rep.  18.3^>-60.  M.  Thomp- 
son Rep.  1S.S5-18SI). 

Gas.     (See  Phinney  Natural  Gas,  in  Indiana.) 

Hamilton  county,  Geology  of.  R.  Owen's  Rep.  1850-60.  Collett's  Rep. 
1884.    (Gas,  see  Phinney.) 

Harrison  county.  Geology  of.  R.  Owen's  Rep.  1859-<K);  do  E.  T.  Cox, 
1872;  do,  lS7()-78;  do.  1881. 

Hartmann,  Hugrh.    Manufacture  of  Spiegeleisen,  E.  T.  Cox  Rep.  1872, 

pp.  71-101. 

Iron  and  steel  industries  of    Rhenish  Prussia  and  Westphalia.     Germany  at  the 
Vienna  Kxhsbitioii  of  18T;j  (with  map),  pp.  13-70. 

Hatfield.  R.  S.     Indiana  Oolitic  stone.  J.  Collett's  Rep.  1884. 

Hay,  O.  P.  Batrachians  and  reptiles  of  Indiana.  S.  S.  Gorby  (17th  an- 
nual report),  18iH. 

Haymond,  Rufus.  Notes  of  remains  of  Megatherium,  Mastodon  and 
Silurian  Fossils.  (General  description.)  A.  J.  S.  (first  series)  vol. 
XLVI.  pp.  294-290. 

Hendricks  county,  Geology  of.    Owen*s  Rep.  1859-60. 

Henry  county,  Geology  of.  Owen's  Rep.  186t)-60;  do  M.  Thompson's 
Rep.  18.s5-8<i.    (Gas  see  Phinney.) 

Hobbs,  Prof.  B.  O.  Geological  report  of  Parke  county.  E.  T.  Cox  Rep. 
1872,  pp.  :{37-341. 

Describes  topography,  drift  deposits,  stratigraphy  (general  sections),  giyei  some  gen- 
eral observations  upon  coal,  iron  ore  and  sand  stones  of  the  county. 
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Hoxnsher,  G-.  W.  The  Glidewell  mounds  of  Franklin  county,  Indiana. 
Remains  on  White  Water  river,  Indiana.  Ann.  Rep.  Board  of  Regents  of 
the  Smithsonian  Inst.  1882 ;  47th  Congress,  2d  session  House  of  Rep- 
resentatives. Mis.  Doc.  No.  26. 

HowMTd  county,  Geology  of.  Owen's  Rep.  1859-60;  do  E.  T.  Cox 
Rep.  1872.    (Gas  see  Phinney.) 

Hubbard,  Georgre  O.    The  upper  limits  of  the  lower  Silurian  at  Madi- 
son, Indiana.    Pr.  Ind.  Acad,  of  Sc.  1891,  pp.  68-70. 
Places  the  limit  fifty  feet  above  the  favistella  reef. 
The  Cystideans  of  Jefiferson  county,  Indiana.    Pr.  Ind.  Acad,  of  Sc, 

1891,  p.  67. 
Notes  their  abundance. 
Hudson  river  fossils  of  Jefferson  county,  Indiana.    Pr.  Ind.  Acad,  of 
Sc.,  1891,  p.  68. 

Corrects  errors  in  Geological  Report  for  1874,  and  gives  list  of  orders  repre- 
sented. 

Hunt,  Dr.  J.  Sterry.  Oil  wells  of  Terre  Haute.  Geological  Rep.  1870, 
E.  T.  Cox.  See  also  A.  J.  S.  Ill  vol.  I,  p.  369,  abstract  of  paper  on  oil 
wells  of  Terre  Haute,  presented  at  A.  A.  A.  S.,  August  1871. 

Huntingrton  county,  Geology  of.  Owen*s  Rep.  1859-60 ;  do  E.  T.  Cox 
Rep.  1875. 

^yde,  IT.  J.  Report  of  State  Supervisor  of  Oil  Inspection.  S.  S.  Gorby 
C17th  annual  Rep.)  1891. 

Indiana  Oolitic  Stone.    R.  S.  Hatfield.    (See  J.  Collett's  Rep.  1884.) 

Jackson  County,  Geology  of.  R.  Owen's  Rep.  1859-60;  do  E.  T.  Cox's 
Rep.  1874. 

James,  J.  F.  A  Cave  in  the  Clinton  formation.  Jour.  Cin.  Soc.  Nat. 
Hist.  Apr.  1890. 

James,  U.  P.    Catalogue  of  Lower  Silurian  Fossils  of  the  Cin.  Group 

found  within  40  or  50  miles  of  Cincinnati  with  descriptions  of  some  new 

species  of  Corals  and  Polyzoa.    (Published  in  book  form  in  Cincinnati 

1875. 

The  new  species  described  belong  to  the  following  genera:    ChseUiet,  Ceramopora, 
Ptdodiciya,  Alecto. 

Jasper  county,  Geology  of.    E.  T.  Cox's  Rep.  1872. 

Geology.    J.  Collett's  Rep.  1882 ;  R.  Owen's  Rep.  1859-60. 

Jay  county,    Geology  of.    J.  Collett's  Rep.  1882.    Gas   (see  Phinney 

Nat.  Gas  in  Indiana). 
Geology  of.    R.  Owen's  Rep.  ia59-60. 
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JefTerson  county.    Botany.    E.  T.  CJox.    (teol.  Rep.  1870. 

Geolo^  of.    (See  Borden  Geol.  Rep.  1874) ;  do.  R.  Owen's  Rep. 

1859-00. 
Cystidians.    (See  Hubbard.) 


JenninfiTB  county,  Geology  of.  E.  T.  Cox*8  Rep.  1875;  do.  R.  Owen's 
Rep.  1859-t)0. 

Johnson  county,  Geology  of.  J.  Collett's  Rep.  188.*^;  do.  R.  Owen's 
Rep.  1S51M)0. 

Johnson,  H.  S.  Experiments  upon  the  transverse  strength  and  elas- 
ticity of  buildinfir  stone.    E.  T.  Cox's  Rep.  1881,  pp.  47-54. 

Jordan,  B.  T.  J.  Report  of  Supervisor  of  Natural  Gas.  S.  S.  Gorby 
(17th  Ann.  Rep.)  1891,  pp.  326-364. 

DescribcH  the  extent  (counties)  of  Indiana  field;  its  source  (Trent«n  Rock) ;  condi- 
tions of  production ;  economic  use ;  gan  plants  throughout  the  field. 

Kaxikakee  river.    (See  Campbell). 

Keokuk  Fossils.     (Beachler). 

Keyes,  O.  R.  The  carboniferous  echinodermata  of  the  Mississippi  basin, 
A.  J.  S.  Ill,  vol  38,  p.  186. 

Knox  county,    Coals.    E.  T.  Cox.  Rep.  1870. 

Coals.    Geology  of.    E.  T.  Cox  Rep.  1873 ;  Coals,  J.  Collett's  188:^. 

Coals,  Lesquereux. 

Lafirrangre  Oounty,  Geology  of.    R.  Owen.  1859-60.    E.  T.  Cox  Rep.  1873. 

Lake  Oounty,  Geology  of.    R.  Owen.  1859-60. 

Langrsdale,  Geo.  J.  Map  of  Wyandotte  Cave.  Appendix  to  Rep.  Ind. 
Geol.  Surv.  iai9.60. 

Laporte  Oounty,  Geology  of.    R.  Owen,  ia'>9  (>0;  do  E.  T.  Cox  Rep.  1873. 

Lawrence  Oounty,  (leology  of.  R.  Owen,  18d9-W;  do  E.  T.  Cox  Rep. 
1S73. 

Lee,  S.  E.  (SeeCtorby).  Geology  of  Boone  county.  M.  Thompson  Rep. 
1885  8<i. 

Lesley  J.  Report  on  the  Cannelton  district,  Perry  county,  and  topo- 
graphic map.    Ind.  Geol.  Survey  1859  00.    Map  not  published. 

Lesquereux,  Leo.  Species  of  fossil  marine  plants  from  the  carbonifer- 
ous measures.    E.  T.  Cox  Rep.  1875. 

Principles  of  Paleozoic  Botany  (Pt.  II).    J.  Collett's  Rep.  1883, 

pp.  7-10(). 

Introductory  rcmurks  (»n  Geological  phenomena  bearing  upon  paleo-botany  classifica- 
tion of  stnita,  fo8siIl/atlon ;  collecting  of  foiuil  plants;  gives  outline  of  the  chief  di- 
visions of  the  vegetable  kingdom  and  their  distribution  in  geologic  time ;  history 
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of  plants  known  in  Paleozoic  Rocks  of  Unit«d  States  with  description  (plates  1-22) 
a  few  genera  and  species. 

Distribution  of  the  Geological  strata  in  the  coal  measures  of  In- 


diana.   Ind.  Geol.  Surv.  1859-GO. 

Describes  fifteen  coal  beds  and  associated  rocks ;  gives  directions  for  prospecting  for 

coal ;  observations  on  the  coal  of  each  county  in  the  coal  field,  on  the  value  of  the 

coal  in  general  and  the  geological  horizon  of  th«  coal. 

Leverett,  Frank.  On  the  correlation  of  Moraines  with  Raised  Beaches 
of  Lake  Erie.    A.  J.  S.  Ill,  vol.  44,  p.  281. 

Glacial  phenomena  of  Northeastern  Illinois  and  Northern  Indi- 
ana.    A.  A.  A.  S.  vol.  38,  p.  248  (1889). 

Studies  in  the  Indiana  Gas  Field.    Am.  Geol.  vol.  IV.  pp.  6-20. 


Describes  the  character  stratagraphical  extent  and  thickness  of  the  Devonian  and 
Silurian  shales  and  limestones ;  discusses  the  topographic  features  of  the  "  Cincin- 
nati Axis"  aa  brought  out  by  the  table  of  boreings  giving  altitudes,  depths  and 
thickness  of  the  formations  penetrated,  also  the  distribution  of  natural  gas  in  the 
Indiana  field,  strength  of  wells ;  difference  in  altitude  of  salt  water  line  in  Indiana 
and  Ohio,  occurrence  of  oil :  theories  explaining  rock  pressure  as  manifested  bj 
the  gas  fiow. 

Lithographic  stone.     E.  T.  Cox  Rep.  1872,  pp.  77-147.     (Perry 


county). 
Liovette,  G-.  M.    E.  T.  Cox  Rep.  1875.    (Depths  and  temperatures  of 

lakes  in  Northern  Indiana.) 
: Observations  on  DeKalb,  Steuben,  Lagrange,  Elkhart,  Noble, 

St.  Joseph,  Laporte  counties.    E.  T.  Cox  Rep.  1873,  pp.  430-474 
Fuel  values  of  coals.    J.  Collett's  Rep.  1873,  pp.  10-34. 


Gives  tabulated  analysis  of  coals  from  Clay,  Daviess,  Dubois,  Fountain,  Greene,  Gib- 
son, Knox.  Martin,  Montgomery.  Owen,  Parke,  Perry,  Spencer,  Sullivan.  Vander- 
burg,  Vermillion,  Vigo,  Warrick,  Warren,  Posey  counties. 

Observations  on  the  depth  and  temperature  of  some  of  the  lakes 


of  Northern  Indiana.    E.  T.  Cox  Rep.  1875,  pp.  4G9-503. 

A  hydrographic  .survey  is  made  of  the  following  lakes :  Manitou,  Fulton  county ;  Pine, 
Laporte  county ;  Stone,  Laporte  county ;  Clear,  l4iporte  county ;  Centre,  Kosciusko 
county  r  Syracuse,  Kosciusko  county ;  Eagle,  Kosciusko  county ;  Reservoir,  Noble 
county;  Bixell's,  Noble  county:  Latta,  Noble  county:  Twin  Lakes,  Lagrange 
county;  Crooked  Lake,  Steuben  county ;  James,  Steuben  county. 

Lyon  S.  S.  and  Oasseday  S.  A.    Descriptions  of  nine  new  species  of 

Crinoidea  from  the  subcarboniferous  rocks  of  Indiana  and  Kentucky. 

A.  J.  S.  Ser.  II.  vol.  28,  p.  233  and  vol.  XXIX,  pp.  68-79. 
The  species  described  belong  to  the  following   genera,  viz:     Asterocrinus,  Ptero- 
crinus,  Zeacrinus,  Cyathocrinus,  Actinocrinus.  also  a  new  genus,  Onychocrinna. 
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Madison  county,    Geology  of.   J.  Collett's  Rep.  1S84.  Gas  (see  Phinney, 
Natural  Gas  in  Ind.) 

Geology  oL    R.  Owen's  Rep.  ISoU-tJO. 

Macree,  W.  J.     Rock  Gas  and  related  Bitumens.    11th  Ann.  Rep.  of  di- 
rector of  r.  S.  J.  S.  pp.  58^M)16. 

Discussed  under  the  following  sections :  I.  Development  of  the  Bitumens.  II.  Consti- 
tution of  the  Bitumens.  III.  Distribution  of  the  Bitumens  (geological  and  geo- 
graphical.) IV.  The  natural  storage  of  the  lighter  Bitumens.  V.  Origin  of  Rock 
Qas  and  related  Bitumens.    VI.  The  future  of  Rock  Gas  audits  allies. 

Mammoth  Gave.     Faunas  in.    E.  T.  Cox  Rep.  1872. 

Marion  county,  Geology  of,    J.  Collet's  Rep.  1882.    Gas  (see  Phinney, 

Natural  Gas  in  Ind). 

Geology  of.    R.  Owens.    Rep.  1859-00. 

Marshall   county,    Geology  of.    M.  Thompson    Rep.  1885-86;  do  R. 

Owen's  Rep.  1859-60. 
Martin  county.  Geology  of.    Coals,  E.  T.  Cox  Rep.  1870;  J.    OoUett's 

liep.  1883.    Coal,  Lesquereux. 
Maxinkuckee  Lake.    M.  Thompson  Rep.  1885-8(5. 
McOaslin,  D.  S.    Geology  of  Jay  county,  J.  Collett's  Rep.  1882,  pp.  153-176. 

Describes  surface  features,  Paleozoic  formation  (Niagara  the  only  rock  known,)  gives 
list  of  fossils;  notes  on  archaeology  and  fossil  vertebrates  (mastodon.) 

M'Oa«lin,  D.  S.    Geology  of  Johnson  county.    J.  Collett*s  Rep.  1883,  pp. 
116-137. 

Describes  topography,  stratigraphy,  (Quat.  Carbon.  Dev. )  economic  products;  archie, 
ological  remains. 

McOhesney,  J.  T.    New  Paleozoic  Fossils  (Chicago,  1859),  64  pp. 

Describes  Fanuas  from  carboniferous  rocks  of  western  states,  viz.,  Crinoidea,  Brachis- 
poda,  Lamellibrachiata  Crasteropoda,  Cephalopoda.  Notes  in  A.  J.  S.  IL  iSer.,  vol- 
XXIX,  p.  285. 

McGuire,  Thomas.    Report  of  the  Inspector  of  Mines.    S.  S.  Gorhey. 
(17th  annual  Rep.  1891.) 
The  condition  of  coal  mines  in  the  following  counties  are  reported  upon:    Clay, 

Vigo,  Owen,  Vermillion,  Parke,  Daviess,  Pike.  Gibson,  Perry,  Greene,  Spencer. 

Warrick,  Vanderburgh,  Knox,  Sullivan.    Tabulated  statement  of  coal  companies  of 

Indiana,  and  their  addrosses. 

Mclntire,  E.  S.     (Klrod,  M.  N.)    Geol.  of  Orange  county.    E.  T.  Cox  Rep. 

1875. 

Mecklenburg  (Ky. )    E.  T.  Cox  Geol.  Rep.  1875. 

Meek,  F.  B.    Descriptions  of  two  new  star  fishes  and  a  crinoid  from  the 
Cincinnati  Group  of  Ohio  and  Indiana.    A.  J.  S.  III.  Ser.,  vol.  Ill,  p.  257, 
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Meek,  F.  B.  and  'Worthen,  A.  H.  RemarkB  on  the  age  of  the  Gonia- 
tite  Limestone  at  Rockford,  Indiana  and  its  relations  to  the  "Black 
Slate  "  of  the  western  states  and  to  some  of  the  succeeding  rocks  above 
the  latter.    A.  J.  8.  (II  Ser.)  vol  XXXII,  pp.  167-177. 

On  some  new  Silurian  Crinoids  and  Shells.    A.  J.  S.  Ser.  Ill,  vol. 

Ill,  p.  295. 

Species  beloging  to  the  following  genera  arc  described  Dindrocrinus.  Leporrinit^;  re- 
marks on  genu*  Lichenocrinus. 

On  the  Punctate  Shell  structure  of  Syrimyotheris.    A.  J.  S.  II 


Ser.  vol.  43,  p.  407. 

Species  described  from  Floyd  county,  Ind. 

Meteorites.    Harrison  county.    E.  T.  Cox  Rep.  1876-77-78. 

Miami  county,  Geology  of.  £.  T.  Cox  Rep.  1872.  M.  Thompson's  Rep. 
1888.  R.  Owen's  Rep.1859-60.  Gas.  (See  Phinney,  Natural  Gas  in  In- 
diana.) 

Miller,  S.  A.  Catalogue  of  fossils  from  Hudson  river,  Utica  and  Trenton, 
in  S.  E.  Indiana,  S.  W.  Ohio  and  northern  part  of  Kentucky.  E.  T.  Cox 
Geol.  Rep.  1876-77-78. 

S.  S.  Gorby  (17th  Ann.  Rep.)  1891.    Paleontology;  Protozoa,  Coe- 

lenterata,  Echinodermata  and  MoUusca. 
Descriptions  and  plates. 
The  structure,  classification  and  arrangement  of  American  pa- 


leozoic crinoids  into  families.    M.  Thompson'^  Rep.  1888,  pp.  302-320. 
Miller,  S.  A.  and  Gurley,  F.  E.    Descriptions  of  some  new  genera  and 

species  of  Echinodermata^  from  the  coal  measures  and  sub -carboniferous 

rocks  of  Indiana,  Missouri  Iowa.    M.  Thompson's  Rep.  1888,  pp.  327-382. 
Descriptions  of  some  new  genera  and  species  of  Echinodermata 

from  coal  measures  and  sub-carboniferous  rocks  of  Ind.    Joum.  Cin. 

Soc.  Nat.  His.  Apr.  1890. 
Miller,  S.  A.    The  structure,  classification  and  arrangement  of  American 

Pal.  Crinoids  into  families.    Am.  Geol.  vol.  VI,  Nov.  1890,  p.  275. 
Monroe  county,  Geology  of.   J.  Collett's  Rep.  1880 ;  do  R.  Owen's  Rep. 

1859-60. 
Montgromery  county.  Geology  of.    E.  T.  Cox  Rep.  1875.    Coal.    J.  Col- 

lett's  Rep,  1883.    Keokuk  rock  at  Crawfordsville.    (See  Beachler ;  do  S.  S. 

Gorby'sRep.  1888.) 
Moore,  Joseph.    Description  of  a  new  species  of  Rodent.    Joum.  Am. 

Society  Nat.  Hist.,  Apr.  1890. 
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Moore,  D.  R.    Two  hours  among  the  fossils  of  Franklin  county.    Bull. 

Brookville  Soc.  of  Nat.  Hist.  No.  1.    Richmond.  Ind.  1885,  pp.  44-45. 

(lives  eighteen  common  species  of  Low.  8il.  fossils. 
Fossil  Corals  of  Franklin  county.    Bull.  Brookville  Society  of 

Nat.  Hist.  No.  2,  pp.  50-52. 

Twenty-seven  species  of  Tpper  and  Lower  Silurian  Duv.  and  drift. 
Morfiran  county,  Geology  of.    J.  Collett's  Rep.  188.3;  do  R.  O wren's  Rep. 

1859-(30. 

Newberry  J.  S.    Fossil  fish  teeth.     E.  T.  Cox,  Geol.  Rep.  1876,  77,  7a 

Drift  deposits  of  Indiana.    J.  Collett's  Rep.  1884,  pp.  85-98. 

Describes  climatal  conditions  previous  to  and  during  the  glacial  period ;  tracM  the 
'*  marginal  line  "  through  Indiana  and  Ohio ;  describes  the  nature  of  the  drift  ma- 
terials, manner  of  accumulation  and  sources  from  which  it  was  derived. 

Newton  County,  Geology  of.    J.  Collett's  Rep.  1882 ;  do.  R.  Owen's  Rep. 

1859-60. 
Noble  County,  Geology  of.    E.  T.  Cox's  Rep.  1873 ;  do.  R.  Owen's  Rep. 

18.59-60. 
Novaculite.    Mine  Resources  of  the  United  States  1885,  p.  435 ;  do.  1886, 

p.  592. 
Ohio  County,  Geology  of.    Richard  Owen.    Rep.  1859-60. 

E.  T.  Cox  Rep.  1872. 

Ohio  river  Floods.    CoUett's  Rep.  1884. 

Oranfire  county.  Geology  of.    Geological  liep.  1875. 

Geology  of.    Richard  Owen.    1859-60. 

Orton,  Edward.    Gas,  Indiana  and  Ohio.    (See  gas  and  huilding  stone 

under  Econ.  Geol.) 
Owen  County,  Coal.    Lesquereux. 
E.  T.   Cox  Geol.  Rep.  1875 ;    J.  CoUett's  Rep.  1881 ;  do  coal, 

1883. 
Owen  D.  D.    Sketch  of  the  life  of  Am.  Geologist,  vol.  4,  pp.  <)5-72. 

Meteorlogical  notices  in  Indiana.     A.  J.  S.  (Ser.  1)  vol.  29,  p.  294. 

Analysis  of  coals  of  Indiana  (1838),  J.  Cpllett^s  Rep.  1883. 

Owen,  David  Dale  and  Norwood,  T.  G.    Description  of  a  new  fossil 

fish  from  the  paleozoic  rooks  of  Indiana  (figures).    A.  J.  S.  (new  series) 

vol.  1,  pp.  :{67-371. 

A  Report  of  a  Geological  Reconnoisance  of  Indiana  for  1859  and 

1869,  pp.  365,  2  pis.    Indianapolis,  18(>2. 

Keports  on  "A  Reoonnoisancv  of  the  State,"  by  Richard  Owen;  on  the  "  Chemistry  of 
S<»ils,"  by  Robert  I'eters;  on  "Coal."  by  Leo  ILiesquereauz ;  on  the  **Caniiblton 
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Coal  Field,"  by  J.  Lesley  :  also  an  appendix  with  table  of  altitudes,  etc. 
Owen  Richard.    A  Geological  Keconnoisance  of  Indiana.    Indiana  Ge 
oloical  Survey,  1859-60. 
Gives  an  account  of  the  more  prominent  geologic  features  of  each  county  and  the  age 

the  rocks. 

Table  of  altitades  in  Indiana — extralimital  altitudes. 

Hydraulic  lime  Qtone  analysis  from  Madison  and  Cass  counties.    Plates  and  deserlp 
tiouB  of  eleven  Silurian  and  Carboniferous  fossils.     Appendix  to  Geol.  Surv.  of 
Ind.  for  185l»-60. 

Analysis  of  Indiana  coals.    J.  Collett's  Rep.  1883. 

Parke  county,  Geology  of.    R.  Owen's  Rep.  1859-00 ;   E.  T.  Cox  Rep. 

1872;  do  1875 ;  J.  (Dollett'e  Rep.  1883— coal.    (See  I^esquereux,  coal). 
Perry  coiinty,  Geology  of.    Owen's  Rep.  1859-60 ;  E.  T.  Cox  1872 ;  do 

1870 ;  coal— J.  CoUett's  Rep.  1883.    (See  also  Lequereux.) 

Topographic  map  of.    (See  J.  Lesley.) 

Peter  Robert.    Chemical  analysis  of  Indiana  soils.    Ind.  Geol.  Sarvi. 

1859-60. 

Gives  an  analysis  of  soils  and  subsoils  from  each  of  the  principal  geological  forma- 
tions of  the  state. 

Analysis  of  Louisville  and  Jeffersonville  limestone.    Appendix 

to  Ind.  Geol.  Survey  1859-60. 
Phinney,  A.  J.    Geology  of  Delaware  county.    J.  Collett's  Rep.  1881. 
Catalogue  of  the  flora  of  Central-Eastern  Indiana.    J.  Collett's 

Rep.  1882. 
Geology  of  Henry  county  and  portions  of  Randolph,  Wayne 


and  Delaware  counties.    M.  Thompson  Rep.  1885-8b. 
Describes  topography,  stratigraphy  (Niagara),  glacial  river  channels,    Kames  asars 
Discusses  the  nature  and  extent  of  the  terminal  moraines  of  the  second  glacial 
epoch  (?);  the  direction  and  extent  of  the  bowlder  tract ;  archrcology. 

(leology  of  Randolph  county.  J.  Collett's  Rep.  1881,  pp.  177- 


195. 

Discusses  surface  features,  extent  of  quaternary  deposit**,  paleozoic  rock ;  gives  notes 

on  economic  products  :  archteology. 
Geology  of  Grant  county.    J.  Collett's  Rep.  1883, 


Describes  surface  features,  quaternary  deposits,  Silurian  (Niagara)  rocks  ;   gives  sec- 
tions  from  quarries  ;  refers  to  clay  and  archaeology. 

The  Natural  Gas  Fields  of  Indiana.    W  S.  Geol.  Survey  (11  th 


Ann.  Rep.  of  Director)  1889-90,  pp.  617-742. 

Under  the  heading  "  The  Geological  Structure  of  Indiana,"  the  following 
topics  are  discussed : 
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A.  Gkneral  Stkictlbe.  L  Stratigraphy — Giving  a  general  section  and 
brief  outline  of  the  extent,  thickness  and  character  of  each  rock- 
series — (map) ;  also  a  table  showing  the  total  thickness  of  the  drift 
as  obtained  from  borings.  II.  Altitude  of  the  strata— Views  concern- 
ing the  nature  and  extent  of  the  Cincinnati  arch ;  topography  of 
Trenton  limestone,  as  made  out  from  well-borings.  (Hypsographic 
map  and  cross-sections  of  Trenton  limestone.)  The  hypothetic 
"  Wabash  arch  "  is  briefly  described.  Prof.  S.  S.  Gorby's  views,  as 
contained  in  15th  Ann.  [Rep.  Geol.  and  Nat.  Hist  of  Indiana,  are 
(|UOted. 

B.  Conditions  OF  Gas  Accumulation.  Sec.  I.  Conditions  of  rock  struc- 
ture.   II.    Conditions  of  rock  texture. 

C.  Gas  Pressure  and  Measurement.  Defines  I.  Static  pressure.  II. 
Open  pressure.  III.  Retained  pressure.  IV.  How  to  measure  the 
amount  (cubic  feet)  of  gas  yielded  ;  gives  tables  showing  capacity 
of  wells. 

D.  The  Gas  Field  and  the  Borincis  Within  it.  I.  The  area  yield- 
ing gas  and  oil.  II.  Records  of  borings  within  the  main  field  re- 
viewed by  counties— (Blackford,  Jay,  Delaware,  Randolph,  Wayne, 
Madison,  Grant,  Howard,  Tipton,  Hamilton,  Hancock,  Marion, 
Miami,  Wabash,  Henry,  Rush,  Shelby,  Decatur,  Franklin,  Dear- 
borne,  DeKalb)  giving  number  of  wells  in  each  county  and  aggre- 
gate daily  fiow,  etc. 

B.  Record  of  Borings  Outside  of  the  (tas  Field.  Gives  record  of  bor- 
ings in  the  following  counties:  Union,  Fayette,  Bartholomew, 
Jennings,  Jefierson,  Clarke,  Floyd,  Harrison,  Washington,  Jackson, 
Johnson,  Hendricks,  Montgomery,  Parke,  Boone,  Clinton,  Carroll, 
White,  Pulaski,  Cass,  Miami,  Fulton,  Porter,  Lake,  Laporte,  St. 
Joseph,  Marshall,  Elkhart,  Kosciusko,  Whitley,  Noble  DeKalb,  Al- 
len, Wabash,  Huntington,  Wells  and  Adams. 
P.  The  Cark  of  Gas  Wells. 
Pike  county  Goal.    Geology.    Owen's  Rep.  1869-60 ;  Cox  1872,  do  1870 ; 

coal,  J.  Collett's  Rep.  1883.  (See  also  Lesquereux.) 
Pitman's  Cave.    Description  of.    E.  T.  Cox  Rep.  1872. 
Pocono.    (Group.)    See  J.  J.  Stevenson. 

Patton  A.  Antiquities  of  Knox  county,  Ind.,  and  Lawrence  county,  111. 
Anual  Rep.  of  the  Board  of  Regents  of  Smithsonian  Institute,  1873. 
Forty-third  Congress,  first  session.    Senate  Mis.  Doc.  No.  130, 1874. 
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Pifireon  TV.    Ancient  burial  mounds  of  Indiana.     Annual  report  of  the 
Board  of  Regents  of  Smithsonian  Institute,  1867 ;  also  Fortieth  Congress, 
second  session.    Senate  Mis.  Doc.  No.  86,  1868. 
Posey  coTinty,  Geology  of.    Owen's  Rep.  1859-60 ;  E.  T.  Cox's  Rep.  1875 ; 

do.  (coal)  J.  Collett's  Rep.  1883;  (coal)  see  Lesquereux. 
Pulaski  coiinty,  Geology  of.    M.  Thompson's  Rep.  1888;  do.  R.  Owen's 

Rep.  1859-(30. 
Putnam  county,  Geology  of.    R.  Owen's  Rep.  1859-iiO;  E.  T.  Cox's  Rep. 
1870;  E.  T.  Cox's  Rep.  1875;  J.  Collett's  Rep.  1880;  do.  1881. 

University  cave.    J.  Collett's  Rep.  1884. 

Quaternary.  T.  C.  Chamberlain.    Glacial  boundaries  in  Indiana  and  ad- 
jacent states.    Bull.  No.  58,  U.  8.  G.  S. 
E.  T.  Cox's  Geol.  Rep.   1870.    Sullivan,  Daviess,  Martin  counties. 
E.  T.  Cox's  Creol.  Rep.  1878.     Warren  county. 
E.  T.  Cox's  Geol.  Rep.  1875.    Vigo,  Huntington,  Jennings,  Ripley, 

Vanderburg,  Owen,  Montgomery,  Clay  counties. 
E.  T.  Cox's  Geol.  Rep.  1876.    Boone  county  (Ky.),  Wayne  county, 

Harrison,  Crawford  counties. 
J.  Collett's  Geol.  Rep.  1880.    Putnam  and  Monroe  counties. 
J.  Collett's  Geol.  Rep.  1881.    Shelby,  Delaware,  Bartholemew  (Collett's 

glacial  river). 
J.  Collett's  Geol.  Rep.  1882.    Newton,  Decatur,  Jay,  Randolph  coun- 
ties. 
J.  C.  Collett's  Geol.  Rep.  1Hh:\.    Posey,  Morgan,  Rush,  Johnson,  Grant 

counties. 
J.  Collett's  (xeol.  Rep.   1SH4.    Hamilton,  Madison,   Fayette,  Union 

counties. 
J.  Collett's  Geol.  Rep.  1884."   Drift  deposits  of  Indiana.    J.  8.  New- 
berry. 
J.  Collett's  Geol.  Rep.  1SS4.    E.  D.  Cope  and  J.  L.  Wortman. 
S.  S.  Gorby's  Rep.  1891.    (Moraines  of  Steuben  county.) 
M.  Thompson's  15th  Ann.  Rep.  18S5-86.    Glacial  deposits  of  Indiana. 
M.  Thompson's  15th  Ann.  Rep.  1885-.%.    A  Terminal  Moraine  in  Cen- 
tral Indiana,  by  8.  8.  Gorby. 
M.  Thompson's  Rep.  18>^s.    Drift  beds  of  Indiana  (DeKalb,  Allen,  Pu- 
laski, White,  Miami  counties). 
Quick,  B.  R.     Alluvial  Terraces,  Bull.  No.  o.    Brookville  Society  of  Nat- 
ural History,  Brookville,  Ind.,  18.S8. 


1.S5 

Describes  four  terraces  of  the  White  Water  Valley. 

Alluvial  terraces.    Bull.  No.  3  Brookville  Soc.  Nat.  Hist.  1888. 

Stone  mounds  on  the  White  Water.    Bull.  No.  1,  Brookville 


Soc.  Nat.  Hist.  pp.  3-5. 

Ripley  county,  Geology  of.  R.  Owen's  Rep.  1859-60.  E.  T.  Cox's  Rep. 
1875. 

Randolph  county,  Geology  of.  Owen's  Rep.  1859-00.  J.  Collett's  Rep. 
1882.    M.  Thompson's  Rep.  1885-86. 

Geology  of.    Gas  (See  natura}  gas  in  Indiana)  Phinney. 

Robertson  county,  Geology  of.  E.  T.  Cox's  Rep.  1875  (lignite)  pp. 
79-115. 

Rowley,  R.  R.  Some  observations  on  the  natural  casts  of  crinoids  and 
blastoids  from  subcarboniferous  limestone,  Indiana,  Iowa,  Illinois,  Ken- 
tucky, Alabama. 

Rush  county.  Geology  of.  R.  Owen's  Rep.  1859-60.  J.  CoUett's  Rep. 
1883. 

Oil  and  gas.    (See  A.  J.  Phinney,  natural  gas  in  Indiana.) 

Schneck,  J.  S.  Catalogue  of  the  flora  of  the  Wabash  Valley  below  the 
mouth  of  White  river  and  observations  thereon.    E.  T.  Cox's  Rep.  1875. 

Scott  county,  Geology  of.  R.  Owen's  Rep.  1859-60 ;  do.  Geol.  Rep.  1874. 
(See  Borden.) 

Seely,  H.  M.  The  genus  strephochetus :  Distribution  and  species. 
A.  J.  S.  Ser.  Ill,  vol.  32.  p.  31.    (Sponge  found  at  Madison,  Ind.) 

Shelby  county,  Geology  of.  R.  Owen's  Rep.  1859-60.  J.  CoUett's  Geol. 
Rep.  1881. 

Gas  and  Oil.    (See  A.  J.  Phinney,  Natural  Gas  in  Indiana.) 

Silurian  (lower).  Correletion  of  the  Cincinnati  and  Hudson  river 
group  in  Indiana,  with  the  Trenton  and  Nashville  series  of  Ten- 
nessee, Kentucky  and  their  equivalents  in  Ohio,  Illinois,  Iowa  and  Wis- 
consin and  Minnesota,  New  York  and  Canada.  (See  E.  0.  IJlrich.)  Am* 
Geol.  vol.  1  p.  100  and  vol.  2  p.  39. 

Smith,  S.  J.    Notice  of  fossil  insects  from  the  carboniferous  formation  of 

Indiana.    A.  J.  S.  Ser.  Ill,  vol.  I,  p.  44i 

Wing  of  insect  from  collection  in  Hanover  College  Museum,  and  found  in  tbe  car- 
boniferous rooks  (whetstone*)  near  Paoli,  Orange  county. 

Spencer  county,  Geology  of.  R.  Owen's  Rep.  185i)-60;  do  coal,  E.  T. 
Cox,  1873;  do  1870;  coal,  J.  CoUett's  Rep.  1883;  coal  (see  Lesquereux). 

Starke  county.  Geology  of.  R.  Owen's  Rep.  1869-60 ;  do  M.  Thomp- 
son's Rep.  188.V86. 
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Stein,  Fredrick.    Synopsis  of  the  Molluscus  faanas  of  Indiana.    J.  Ck>1- 

lett's  Geol.  Rep.  1880. 
Steuben  county.    Flora  of.    E.  T.  Cox  Geol.  Rep.  1873.- 

S.  S.  Gorby's  Rep.  1891. 

Stevenson,  J.   J.     Report  of  the  Sub- Committee  on  Upper  Paleozoic 

(Carbonic).    Am.  Geologist,  vol.  II,  pp.  248-256. 

(fivea  classification  of  the  carboniferous  rocks  as  known  in  U.  8. 

Indiana  classification  as  follows  : 


a 

% 

u 

S. 

P. 


Upper  coal  measures    .   .   .   .   -j 


Merome  Sand  stone. 
Upper  coal  measures. 

Middle  coal  measures  .   .   .   .    ^    Lower  coal  measures. 

Lower  coal  measures    .   .   .   .    <    Conglomerate  or  millstone. 

(    Grit. 


9  f  Greenbrier Mountain  Limestone. 

3  g      Pocono Knobstone  group  in  part. 

St.  Joseph  county.   Geology  of.    R.  Owen's  Rep.  1859-60;  do  (peat), 

E.  T.  Cox  Rep.  1872-73. 
Sutton,  Georgre.    The  Gold  bearing  rocks  of  Ind.  •  A.  A.  A.  S.,  vol.  30, 
p.  177,  1881. 

Glacial  or  ice  deposits  in  Boone  county  (Ky.)  of  two  distinct 

and  widely  distant  periods.    E.  T.  Cox  Geol.  Rep  1876-77-78. 
Sullivan  county.  Geology  of.    R.  Owen's  Rep.  ia'>9-60;  (Coal)  E.  T. 
Cox,  1872;  do  1873;  do  (coals)  K.  T.  Cox,  1870;  do  1875.    J.  Collett's 
Rep.  1883;  coal  (seeLesquereux). 
Switzerland  county.  Geology  of.    R.  Owen's  Rep.  1859-60;  do  E.  T. 

Cox  Rep.  1 872. 
Thompson,  Maurice.    Fifteenth  Annual  Report  Dept.  of  Geology  and 
Natural  History,  1885-86. 
Compendium  of  Geology  and  Mineralogy  of  Indiana,  pp  10-25. 
(iives  a  sketch  of  the  geographical  extent  of  the  8il.  Dev.  Subcarb.and  Coal-meaa- 

urt  rockM  of  Indiana. 
Indiana  Building  Stone,  pp.  2§-33. 

Describes  the  qualities  iind  extent  of  I.  limestones  in  general     II,  oolitic  lime- 
stones.   Ill,  sandstones. 
Clays  of  Indiana,  pp.  34-40. 

Describes  the  nature,  composltiou  and  mode  of  formation.    Describes  endlanite 
(analysis;  and  compares  it  with  analysis  of  clays  from  other  countries. 
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Indiaiia  Chalk-beds,  pp.  41-43. 

Describes  the  probable  modes  of  formation ;  gives  analysis  (by  Dr.  Hurty)  of  sam- 
ples from  Lake  Maxinkuckee  and  Kosciusco  county. 

Glacial  deposits  in  Indiana,  pp.  44-56. 

Discusses  Glaciers  and  their  action ;  the  glacial  period,  its  extent  and  effect ; 
descriptions*  of  the  drift  deposits  of  Ind.;  describes  brietly  sections  and  borings 
showing  the  interior  of  the  drift  deposits  ;  also  special  features  of  the  drift. 

A  Terminal  Moraine  in  Central  Indiana,  pp.  57-60. 

Henry  county  and  portions  of  Randolph,  Wayne  and  Delaware  coun- 
ties, Geology  of.    A.  J.  Phinney,  pp,  97-116. 

Washington  county,  Geology  of.    S.  S.  Gorby,  pp.  117-153. 

Clinton  county,  Geol.  Survey  of.    W.  W.  Thompson,  pp.  154-159. 

Boone  county.  Geology  of.    S.  S.  Gorby  and  S.  E.  Lee,  pp.  160-176. 

Marshall  county.  Geology  of.    W.  H.  Thompson,  pp.  177-182. 

Maxinkuckee  lake.    W.  H.  Thompson  and  S.  £.  Lee,  pp.  182-186. 

Hancock  county.  Geology  of.    K.  T.  Brown,  pp.  187-197. 

Benton  county.  Geology  of.    S.  S.  (jorby,  pp.  198-220. 

Starke  county,  Geology  of.    W.  H.  Thompson,  pp.  221-227. 

The  Wabaah  Arch.    8.  S.  Gorby,  pp.  228-241. 

Geographical  Botany.    W.  W.  Thompson,  pp.  242-252. 

Grigin  of  Indiana  Flora.  J.  M.  Coulter  and  H.  Thompson,  pp.  253- 
282. 

Fossil  Mammals  of  the  Post-Pliocene  of  Indiana,  pp.  283-285. 

Pre-historic  Race  in  Indiana.    S.  S.  Gorby,  pp.  286,  313,  334. 

Natural  Gas  (what  is  it?)  pp.  314. 

Dissimilarities  in  composition,  origin  and  accumulation  ;  where  found.  "Surface 
signs"  of  its  existence. 

Gas  Wells  and  Oil  in  Indiana.    Outline  of  well  sections.    Character 

of  the  gas.    Glossary,  S.  £.  Lee. 

Geology  and  Natural  History  with  natural  Gas  map  (Sixteenth 


Annual  Report,  edited  by  8.  S.  Gorby)  1888. 

Drift  beds  of  Indiana,  pp.  20-38. 

Descrihes  the  changes  and  modifications  of  the  drift  since  its  deposition ;  direction 

and  force  of  the  glacial  ice  ;  depth  and  structure  of  the  drift  in  Ind.;  minerals 

and  fossils  of  the  drift. 

The  Wabash  Arch.  p.  41. 

Fossils  and  their  values.    W.  H.  Thompson,  pp.  54-74. 
Outline  sketch  of  the  most  valuable  minerals  of  Ind.    W.  H.  Thomp- 
son, pp.  77-85. 
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Gold,  silver  and  precious  stones,  pp.  87-92. 

The  formation  of  soils  and  other  superficial  deposits,  pp.  93-9<). 

DeKalb  county,  Geology  of.    C.  R.  Dryer,  pp.  98-104. 

Allen  county.  Geology  of.    C.  R.  Dryer,  pp.  10>-12t). 

Pulaski  and  White  counties.    Partial  report  of  the  survey  of  the 
western  division  including  sketches  of.    W.  H.  Thompson,  pp.  131- * 
151. 

Preliminary  sketch  of  the  characterestic  plants  of  the  Kankakee  re- 
gion, pp.  15.'M61. 

Preliminary  sketch  of  the  aquatic  and  shore  birds  of  the  Kankakee 
region,  pp.  162-165. 

Miami  county,  Geology  of.    S.  S.  Gorby,  pp.  165-188. 

Natural  Gas  and  Petroleum.    S.  S.  Gorby,  p.  189. 

The  structure,  classification  and  arrangement  of  American  paleozoic 
crinoids  into  families.    S.  A.  Miller,  302-326. 

Descriptions  of  some  new  genera  and  species  of  Echinodermata  from 
the  coal  measures  and  sub- carboniferous  rocks  of  Indiana,  Missouri 
and  Iowa.    S.  A.  Miller  and  F.  E.  Gurley,  pp.  327-373. 

Dearborn  county,  Flora  of.    S.  H.  Collins,  pp.  376-382. 

List  of  specimens  in  the  State  Museum.    S.  S.  Gorby,  pp.  383-472. 

A   report  upon  the  various  stones  for  building  and  found  in 


Indiana.    S.  8.  Gorby  (17th  Rep.)  1891,  pp.  18-113. 

Discusses  bindrances  to  the  early  development  of  building  stone  ;  kinds  of  building 
stone:  names  geological  formations  of  Indiana  yielding  building  materials ;  die- 
cusses  the  geology  distribution  and  architectural  qualities  of  Indiana  sandstones, 
limestones  and  oolitic  limestone  deposits ;  hydraulic  cements  ;  reviews  briefly  the 
quarrying  iudu.stry  in  Indiana  and  enumerates  the  quarry  companies  of  Indiana. 
with  items  concerning  capital,  equipment  and  amount  of  stone  handled. 

Geology  and  Natural  History  of  Carroll  county.    S.  S.  Gorby 


(17th  Rep.)  1891,  pp.  171-191. 

I)e8rril>€s  topographic  features,  character  of   soils,    stratigraphy  (Dev.  Sil.),  ga^ : 

gives  list  of  the  plants  of  the  comnty. 
Describes  surface  features,  the  nature  and  extent  of  the  drift. 

Thompson,  "W.  "W.    Geology  of  Marshall  county.    M.  Thompson's  Rep. 

1880-80,  pp.  177-182. 

Describes  briefly  the  drainage  and  drift  which  covers  the  entire  county  ;  mention  is 
ma<le  of  iron  ores,  clays  and  lake  basins. 
Geology  of  Starke  county.    M.  Thompson's  Rep.  1885-86,  pp. 

Describes  topography  character  of  glacial  deposits  ;  soundings  of  Cedar  lake. 
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FosBils  and  their  value.    M.  Thompson's  Rep.  1888,  pp.  64-76. 

Discusses  the  use.  nature  and  distribution  of  fossils :  bow  fossils  should  be  collected; 
enumerates  fossil  localities  and  horizons:  describes  vertebrate  and  invertebrate 
fossil  beds :  gives  list  of  fossils  found  at  Crawfordsville  (by  C.  Beachler) ;  describes 
archaeological  relic8  and  sub-fossil  remains. 

Outline  sketch  of  the  most  valuable  minerals  of  Indiana.    M. 


Thompson's  Rep.  1888,  pp.  77-85. 

Mentions  iLaolin.  building  stone,  coals,  iron  ore,  chalk,  etc. 

Partial  Report  of  the  Survey  of  the  Western  Division,  includ- 


infl;  Shetches  of  Pulaski  and  White  counties.    M.  Thompson's  Rep. 

1888,  pp.  121-151. 

Gives  a  general  outline  of  the  importance  and  kind  of  work  which  the  survey  is  do- 
ing, viz:  On  gas  developments,  the  tracing  of  morainio  deposits;  discusses  also 
methods  of  drainage,  formation  of  sand  ridges,  extent  and  nature  of  bowlder  drift, 
stratigraphy,  gas  (Pulaski)  pil  and  iron ;  describes  Tippecanoe  river. 

Geology  of  Clinton  county.    M.  Thompson's  Rep.  1885-86,  pp. 


154-159. 

Describes  surface  features,  nature  and  extent  of  drift. 
Geographical  Botany.    M.  Thompson's  Rep.  1885-80,  pp.  242- 

252. 
Tippecanoe  county,  Geology  of.    R.  Owen's  Rep.  1859-60 ;  S.  S.  Gorby. 

M.  Thompson's  Rep.  1885-86. 
Tipton  county.  Geology  of.  R.  Owen's  Rep.  1850-60.    Gas  (see  Phinney 

'*  Natural  Gas  in  Indiana.") 
Ulrich,  E.  O.    A  correlation  of  the  lower  silurian  horizons  of  Tennessee 

and  of  the  Ohio  and  Mississippi  valleys  with  those  of  New  York  and 

Canada.    Am.  Geol.  vol.  1  pp.  100-110  and  179-190. 

New  Lamellibrachiata.    Am.  Geol.  vol.  6,  Sept.,  1890. 

Union  county.  Geology  of.    R.  Owen's  Rep.  1859-60.    J.  Collett's  Rep. 

1884. 
Vancleve's  Fossil  Corals.    J.  Collett's  Geol.  Rep.  1881. 
J.  Collett's  Geol.  Rep.  1882. 

(Described  and  compiled  by  James  Hall.) 

Vanderburgr  county.  Geology  of.    (Coal)  R.  Owen's  Rep.  1859-60;  E.  T. 

Cox's  Rep.  1870;  do  1S75.    Coal,  J.  Collett's  Rep.  1883. 
Vermillion  county.  Geology  of.    (Coal)  R.  Owen's  Rep.  185i»-60;  E.  T. 

Cox's  Geol.  Rep.  1875.    Coal,  J.  Collett's  Rep.  1883. 
Vififo  county.  Geology  of.    R.  Owen's  Rep.  1859-60.    (Coal)  see  I^s- 

quereux.    Mineral  springs,  coal,  E.  T.  Cox's  Geol.  Rep.  1870;  do  Rep. 

1875 ;  coal,  J.  Collett's  Rep.  1883. 
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"Wabash  county,  Geology  of.    (See  Phinney,  natural  ^bb  in  Indiana.) 
R.  Owen's  Hep.  185fM50;  E.  T.  Cox's  Rep.  1892.    Geology  of,  S.  S. 

Gorby  (17th  Ann.  Rep.)  mn  ;  flora  of  S.  S.  Gorby  (17th  Ann.  Rep.)  1891. 
WabaETh  Arch.     M.  Thompson's  Rep.  18a'>-86,  do.  1888. 
"Waldo,  O.  A.    The  petroleum  belt  of  Terre  Haute,  Ind.    (Abet.)  A.  A. 

A.  8.  vol.  3Sp.  250(1889.) 
"Wallace,  S.  "W.    On  the  geodes  of  the  Keokuk  formation  and  the  ge- 
nus Biopalla  with  some  species.    A.  J.  S.  Ser.  Ill,  vol.  15  p.  3(36.  (1878.) 

See  Ind.  Geol.  Rep.  187:{,  p.  27S. 

The  species  rlescribrd  are  chiefly  from  Iowa.  Illinois  and  Misouri. 
"Warren  coujaty,  Geology  of.    R.  Owen's  Rep.  1859-00;  E.  T.  Cox's  Rep. 

1873.    Coal,  J.  Collett's  liep.  1883.    Coal,  see  Lesquereux 
"Warrick  county,  Geolog>'  of.    E.  T.  Cox*s  Rep.  1870 ;  do.  1875.    Coal, 

R.  Owen's  Rep.  1859-60;  do  J.  Collett's  Rep.  1883. 
"Washingrton  county,  Cf eulogy  of.    R.  Owen's  Rep.  18r>9-(»();  J.  Collett'a 

Rep.  1881 ;  do.  Thompson's  Rep.  1885-8*i. 
"Wayne  county.    Gas  (See  Phinney  natural  gas  in  Indiana). 
Geology  of.     R.  Owen's  Rep.  1859-60;  E.  T.  Cox's  Rep.  1876-77- 

78 ;  M.  Thompson's  Repu  1885-80. 

"Wells  county.  Geology  of.    R.  Owen's  Rep.  1851M)0. 

"Wetherill,  O.  M.    Analysis  of  white  sulphur  water  of  the  artesian  well 
of  Lafayette,  Ind.    A.  J.  S.  (second  series)  vol.  27,  pp.  211-249. 
Gives  history  of  the  well,  rocks  pierced  by  the  well,  qualitative  and  quantitative  analy- 
sis of  water. 

White,  O.  A.    Fossils  of  Indiana  Rocks  (No.  '^).    J.  Collett's  Rep.  1883. 
Discusses  the  ^owth  and  development  of  organisms  as  affected  by  stratigrapblc 
growth,  or  organism  as  affected  by  environment.    Faunas  of  coal-measures.    (De- 
scription [plates  2:i-38].) 

Fossils  of  the  Indiana  rock.    J.  Collett's  Rep.  1881. 

Fossils  from  Sil.  Dev.  Carb.  rocks  of  Ind.  rock.  J.  Collett's  Rep. 

1880.    Plates  and  descriptions  pp.  4t>8-522. 
"White  county,  Geology  of.    R.  Owen's  Rep.  1859-60;  E.  T.  Cox's  Rep. 

1872 ;  M.  Thompson's  Rep.  1888. 
"Whitfield,  R  P.     Black  shale  forsils,  Scott  county,  Ind.  Geol.  Surv.  1874. 
Remarks  on  the  dictyophyton  and  descriptions  of  new  species  of 

allied  forms  from  the  Keokuk  beds  at  Crawfordsville,  Ind.    Am.  Mas. 

Nat.  Hist.  Bull.  1,  1881. 
Notice  of  a  new  cephalopod  from  the  Niagara  rocks  of  Indiana. 


Bull.  Am.  Mus.  Nat.  Hist.  Oct.  10th.  1885,  vol.  1,  No.  6,  pp.  192,  pi.  21. 
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Desribes  IMuUea  Bicknioreamis  from  Niagara  limestones  at  Wabash  Citr,  Ind. 

Whitley  coiinty,  Geology  of.    R.  Owen's  Kep.  1859-60. 

'Whittlesey,  Ohas.  Notes  on  the  drift  and  alluyium  of  Ohio  and  the 
West.    A.  J.  S.  (new  series)  vol.  5  pp.  205-217. 

Williams,  H.  S.    Rep.  of  the  subcommittee  on  the  upper  paleozoic  (De- 
vonic).     Am.  Geol.  vol.  2  p.  232. 
Describes  the  Devonian  areas  of  North  America. 

Williams,  Jesse  L.  Altitudes  in  Wayne  county.  E.  T.  Cox's  Rep.  1 876- 
77-78. 

Winchell,  A.  Vegetable  remains  in  the  drift  deposits  of  Indiana.  A. 
A.  A.  S.  (Proceedings)  vol.  24,  B.  Nat.  Hist.  p.  49,  1875.  Vegetable  de- 
posits were  noted  in  the  counties  of  Franklin,  Vermillion,  Clay,  Dubois, 
Park,  Ohio,  Dearborn,  Switzerland,  Clarke,  Warren  and  Knox. 

Winchell,  N.  The  surface  geology  of  Ohio.  A.  A.  A.  S.  vol.  21,  p.  152. 
Surface  deposits  of  Indiana  are  referred  to,  and  a  classification  of  such 
deposits  suggested  and  the  various  forms  described. 

Wortman,  J.  L.  (E.  D.  Cope.)  Post- pliocene  vertebrates  of  Ind.  J. 
Collett's  Rep.  1884. 

Wrififht,  G.  P.  The  glacial  boundary  in  Western  Pennsylvania,  Ken- 
tucky, Indiana  and  Illinois.    Bull  No.  58,  U.  8.  G.  S. 

-Man  and  the  Glacial  Period.    (Published  in  book  form.) 

Contains  references  to  the  work  of  Mr.  Cresson,  who  diacoTered  in  Jackson  county 
**  human  works  and  remains  under  strata  considered  of  glacial  date,  or  in  others 
ascribed  to  preglacial  time."  See  *'Some  Recent  Criticism."/  Am.  Geol.  vol.  XI, 
p.  110. 

Wyandotte  Gave.    E.  T.  Cox's  Rep.  1872. 

Fauna  of.    (See  E.  D.  Cope.) 

YounfiTi  A.  H.    Manual  of  Botany  of  Jefferson  County.    £.  T.  Cox's  Rep. 

1870. 


SUOOBSTIONS  FOB  THIS  BIOIiOOICAIi  8UBVEY. 

By  John  M.  Coulter. 
[Abstkact.J 
In  studying  the  flowering  plants  of  any  region,  they  are  naturally  divided 

into  two  categories,  namely,  (1)  those  that  are  indigenous,  and  (2)  those 
that  are  introduced.  Each  one  of  these  groups  presents  its  own  special 
prohlems  in  addition  to  those  which  are  common  to  hoth.  In  the  modern 
study  of  collected  material  it  has  become  more  and  more  evident  that  col- 
lectors ought  to  be  trained.    It  is  not  suflBicient  to  merely  collect  specimens 
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and  give  an  approximate  station,  for  biological  investigation  demands  far 
more  accurate  and  complete  information.  In  the  development  of  this 
work  by  the  Indiana  Biological  Survey  it  would  be  well  to  issue  a  circalar 
of  instruction  to  collectors,  calling  their  attention  definitely  to  the  proper 
methods  of  work.  It  would  be  well  in  the  training  of  collectors  to  defin- 
itely divide  their  work  for  the  season  into  two  parts,  namely,  (I)  the  work 
of  collecting  all  the  plants  of  their  district,  together  with  suitable  field 
notes,  and  (2)  the  detailed  study  of  one  or  more  of  their  most  interesting 
plants.  In  work  of  this  kind  the  following  points  must  be  especially  made 
out: 

(1.)  Mass  distribution.  It  is  not  sufficient  to  know  that  a  plant  is  to  be 
found  in  this  or  that  part  of  the  county,  but  it  must  be  known  where  it 
occurs  in  the  greatest  abundance,  and  where  in  the  least,  and  where  not. 
at  all.  The  most  convenient  way  to  make  observations  of  this  kind  is  to 
use  outline  maps  as  large  as  possible  of  the  county  and  upon  this  jot  the 
occurrence  of  the  plant  observed.  At  the  end  of  the  season's  work  with 
one  or  two  plants  in  this  fashion,  it  will  be  discovered  whether  one  is 
dealing  with  a  comparatively  even  distribution  throughout  the  county,  or 
one  that  follows  certain  lines,  or  is  restricted  to  certain  localities.  It  is 
also  easily  seen  whether  the  plants  mass  together  in  certain  places  and 
thin  out  in  others.  , 

(2.)  Topographical  liittribiition.  Under  this  head  is  to  be  considered 
whether  plants  are  inhabitants  of  uplands,  swamps,  prairies,  etc.  If  they 
occur  in  all  situations,  which  do  they  seem  most  to  affect  and  in  what 
respect  are  their  characters  modified  by  such  changes  of  surface? 

(3.)  Geological  distributum.  This  must  take  into  consideration  the  soils 
upon  which  the  plant  grows.  This  part  of  the  study  is  one  that  takes 
considerable  knowledge  of  geology,  for  it  is  not  always  easy  to  tell  the  real 
nature  of  a  soil,  whether  it  is  one  in  sitUy  or  an  artificial  soil.  For  instance, 
the  soil  of  the  valley  may  not  at  all  represent  the  disintegration  of  rocks 
that  border  the  valley,  but  may  have  been  transported  from  some  distance. 
Great  care  must  be  taken  in  the  determination  of  this  drifted  soil. 

(4.)  The  effect  of  man^s  presence.  Indiana  may  be  new  enough  for  some- 
thing to  be  done  in  the  way  of  discovering  the  distribution  of  most  plants 
before  man's  invasion.  The  former  distribution  of  plants,  which  are  now 
confined  to  uncultivated  areas,  should  be  made  out  as  far  as  possible.  It 
should  also  be  distinctly  noted  what  eflect  the  presence  of  man  has  had 
upon  the  occurrence  of  plants  and  what  plants  are  able  to  adapt  them- 


193 

selves  to  cultivateil  ground  and  what  must  confine  themselves  to  strictly 
wild  lands. 

These  facts  should  be  noted  not  only  in  reference  to  the  indigenous 
plants,  but  so  far  as  they  are  applicable  to  introduced  plants  also.  In 
reference  to  this  latter  class,  the  following  points  ought  to  be  noted  in 
addition:  (1.)  The  time  and  circumstances  of  introduction  so  far  as  this 
can  be  ascertained.  Many  of  our  most  notable  weeds  have  long  been 
under  the  observation  of  farmers  and  it  is  often  possible  to  obtain  from 
them  valuable  information  as  to  the  invasion  of  certain  weeds.  (2.)  The 
vigor  of  introduced  plants  as  compared  w^ith  native  plants  ought  always 
to  be  noted.  This,  of  course,  will  involve  an  investigation  as  to  what  for- 
eigners have  been  able  to  successfully  make. their  way  against  what  na- 
tives. (3.)  Under  the  head  of  economic  importance,  the  introduce<l  plants 
are  to  be  considered  in  relation  to  their  injury  to  crops. 

In  Indiana  not  only  should  these  general  features  of  native  and  intro- 
duced plants  be  studied,  but  also  certain  special  problems  which  belong  to 
the  state  in  its  relation  to  other  states  and  to  the  general  topography  of 
the  Mississippi  valley.  The  biological  survey  should  have  in  view  some 
of  these  special  problems  whose  answer  will  probably  contribute  more  to 
real  botanical  knowledge  than  the  more  general  study  of  the  state  flora. 
Certain  problems  are  here  suggested  to  which  many  more  may  be  added : 

(1.)    The  eastward  extension  of  the  prairie  flora. 

(2. )    The  southern  extension  of  the  iiora  of  the  Great  I^kes. 

(IJ.^    The  northern  extension  of  the  southern  Hora. 

(4.)    The  '*  Knob  "flora. 

(5.)    Flora  of  the  limestone  cliffs. 

(6. )    The  floras  of  various  soils. 

Un<ler  the  last  head  J)r.  Scovell  suggested  the  "sand-bar  flora"  along 
large  streams,  and  W.  P.  Shannon  suggested  the  flora  of  the  'Vhite  clays.'' 


THE  FHANEBOQAMIC  FLORA  OF  INDIANA. 

I)y    StANLKY  (yOlLTER. 

The  knowledge  of  the  phanerogamic  flora  of  Indiana  while  somewhat 
extended  is  far  from  satisfactory.  Many  excellent  and  some  few  note- 
worthy regional  lists  have  been  published  as  well  as  a  ))rovisional  state 
catalogue,  yet  all  leave  much  to  be  desired.  It  is  unnecessary  in  this  con- 
nection, to  deal  in  detail  with  the  bibliography,  since  it  is  treated  in  an 
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earlier  paper  in  this  volume  by  Dr.  Underwood.  The  following  features 
however  may  be  noted  which  will  serve  to  show  what  is  yet  lacking  for  a 
complete  knowledge  of  the  phanerogamic  flora  of  the  state 

All  of  these  lists,  with  perhaps  the  exception  of  those  of  Dr.  J.  Schneck, 
and  Dr.  A.  J.  Phinney,  are  limited  by  political  instead  of  natural  boundaries. 
It  is  evident  that  while  such  limitation  is  popular  and  apparently  in  some 
cases  necessary,  it  cannot  result  in  publications  which  will  furnish  a  basis 
for  any  useful  generalizations  without  the  most  painstaking  and  arduouB 
comparisons.  Many  apparent  anomalies  in  distribution  would  doubtless 
be  explained  were  the  lists  based  upon  natural  divisions.  In  the  excep- 
tional lists  referred  to  above,  that  of  Dr.  iSchneck  treats  of  the  flora  of  the 
lower  Wabash  valley,  thus  necessarily  including  certain  counties  in  Illi- 
nois as  well  as  in  Indiana,  while  that  of  Dr.  Phinney  refers  to  the  Alpine 
region  of  Indiana  and  includes  the  four  counties  of  Delaware,  Wayne,  Ran- 
dolph and  Jay.  In  both  these  lists,  however,  the  political  boundary  is  the 
final  limitation.  In  the  rather  picturesque  language  of  Prof,  MacMillan 
— '^Just  as  we  should  not  attempt  to  interpret  the  laws  governing  the 
action  of  a  constitutional  convention  by  periodic  examinations  of  a  mer- 
cury-barometer, no  more  should  we  attempt  to  investigate  the  laws  of 
plant  distribution  by  adhering  to  the  artificial  lines  which  separate  from 
adjacent  commonwealths,  or  divide  into  counties  or  sections.*'  The  seven 
botanical  regions  indicated  in  Coulter  and  Thomson's  Origin  of  Indiana 
Flora  (vol.  XIV.,  State  Geol.  Rep.  pp.  2r)()-7),  while  not  perhaps  strictly 
natural  in  all  particulars  will  at  least  serve  as  a  basis  for  present  work, 
being  established  upon  topographical  and  geological  features. 

A  second  feature  to  be  noted  in  the  lists  mentioned  above  is,  that  in  no 
single  instance,  so  far  as  come  to  my  know*ledge,  can  the  list  be  authenti- 
cated by  herbarium  specimens.  In  most  cases  the  belief  of  the  existence 
of  a  plant  in  any  jriven  locality  rests  solely  upon  the  word  of  the  collector. 
Those  of  us  who  know  the  necefsity  for  critical  study  and  careful  compari- 
son which  obtains  in  so  many  species,  recognize  at  once  the  unsatisfactory 
nature  of  such  data.  Given  a  sufficient  paucity  of  specimens  added  to  a 
desire  to  make  as  large  a  local  list  as  possible  and  the  factors  are  present 
for  the  introduction  of  many  species  "  new  to  the  state.*'  I  examined 
last  year  a  bundle  of  seventeen  plants  **  new  to  the  state,"  and  found 
eleven  of  them  incorrectly  determined.  I  do  not  mean  to  depreciate  in 
the  slightest  the  valuable  lists  already  published,  or  to  question  the  bo- 
tanical knowledge  and  acumen  of  their  authors.    I  only  wish  to  empha- 


size  the  fact,  that  in  many  forms  an  acurate  determination  is  almost  ut- 
terly impossible  without  opportunity  for  extended  comparison.  And  the 
more  extended  the  worker's  experience  in  systematic  research,  the  more 
convinced  is  he  of  this  fact. 

By  an  examination  of  the  State  Catalogue  supplemented  by  lists,  pub- 
lished and  unpublished,  most  of  which  are  in  my  hands,  I  estimate  the 
phanerogamic  flora  of  the  state  at  between  1,.'>00  and  1,400  species,  ex- 
cluding plainly  evident  *' escapes"  and  the  ferns  and  their  allies,  both  of 
which  are  usually  included  in  the  totals  furnished  in  the  lists.  Of  this 
number  I  ver>'^  much  doubt  if  iKX)  species  can  be  authenticated  by  all  the 
herbaria  of  the  state  combined,  including  in  this  estimate  all  forms  in 
private  herbaria.  This  condition  of  affairs,  if  my  estimate  is  correct,  cer- 
tainly shows  the  need  of  a  careful  and  scientific  revision  of  our  state  flora. 

The  criticism  of  existing  catalogues  is  not  made  in  a  captious  spirit,  but 
for  the  sole  purpose  of  showing  how  much  is  yet  to  be  desired  in  the  way 
of  absolute  facts  before  any  satisfactory  report  of  the  phanerogamic  flora 
can  be  made. 

A  critical  examination  of  the  various  publications  bearing  upon  this 
subject  will  indicate  that  many  regions  of  the  state  have  not  been  investi- 
gated in  a  way  at  all  commensurate  with  their  botanical  importance.  Of 
these  regions  I  will  only  mention  a  few  specifically :  The  "  Knob"  region, 
studied  somewhat  extensively  by  Dr.  Clapp  of  New  Albany,  1834-.T8,  but 
since  that  time  practically  untouched.  Many  species  in  the  State  Cata- 
logue rests  solely  upon  the  collections  of  Dr.  Clapp,  and  can,  I  believe,  in 
most  leases  be  authenticated  by  herbarium  specimens.  This  whole  range 
of  bills  sfiould  be  carefully  investigated.  The  swamp  and  lake  region  in 
the  northern  central  portion  of  the  state  has  been  almost  untouched,  if  we 
except  some  few  collections  from  the  borders  of  prominent  lakes  and  the 
researches  of  K.  J.  Hill  in  the  district  south  of  Chicago.  To  these  might 
be  added  the  tier  of  counties  abutting  upon  Michigan  and  the  western 
tier  of  counties  from  Vermillion  northward.  To  one  at  all  acquainted 
with  the  topography  of  Indiana  it  is  evident  that  most  promising  fields 
still  remain  open  for  investigation. 

The  main  purpose  of  a  catalogue  of  the  phanerogams  of  the  state,  is  not 
the  list,  however  complete  and  accurate  this  may  be,  but  the  data  accom- 
panying each  form,  which  aid  in  determining  the  principles  governing 
plant  distribution,  or  serve,  at  least  in  some  slight  way,  to  resolve  into 
simpler  terms  some  of  the  complex  factors  of  this  problem. 
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An  examination  of  the  conditions  affecting  plant  distribution,  as  has 
been  admirably  shown  by  F.  V.  Coville,  V.  S.  Botanist  (Botany  of  the 
Death  Valley  Expedition,  pp.  10-10),  from  a  utilitarian  point  of  view,  is  of 
the  greatest  importance.  In  speaking  especially  of  trees  and  shrubs  he 
says :  '*  They  therefore  stand  as  the  most  complete  summation  that  can  be 
attained  of  the  natural  light,  heat,  moisture,  food,  air  and  mechanique  of 
any  area :  in  other  words,  a  sure  index  of  the  natural  agricultural  capacity 
of  the  soil  upon  which  they  grow.  *  "^  *  It  has.been  the  practice  of 
agriculturalists  to  gauge  the  capacity  of  soils,  in  regions  new  to  the  plow» 
by  observations  on  rainfall,  temperature,  cloudiness,  chemical  composition 
of  the  soil,  drainage,  and  many  other  phenomena,  or  by  the  even  more  la 
borious  process  of  experimenting  on  every  farm  with  each  kind  of  culti- 
vated product ;  ignoring  the  fact  that  this  determination  can  be  greatly 
hastened,  cheapened,  and  authenticated  by  correlating  the  natural  vege- 
tation, especially  that  made  up  of  the  trees  and  shrubs,  with  that  of  other 
regions  whose  agricultural  capacities  are  known.*'  The  list  then  is  merely 
incidental,  and  its  accompanying  data  furnish  the  only  scientific  or  eco- 
nomic reasons  for  its  preparation. 

With  this  in  mind  it  is  evident  how  completely  our  existing  local  lists 
fail  in  furnishing  facts  from  which  any  useful  conclusion  can  be  drawn. 
In  most  cases  nothing  beyond  the  words  **  common,  "  **  not  rare,"  "  abun- 
bant,"  "  very  rare,''  are  given,  and  in  some  of  the  lists  even  these  are 
omitted.  En  one  list  only,  which  at  the  moment  I  recall,  are  any  facts 
bearing  upon  the  habitat  ^'iven.  It  is  true  that  in  exceptional  forms,  such 
as  Stillifantia  Ohionit^y  T.  and  G.  or  Brachf/rJuvta  cordata,  T.  and  G.,  valuable 
notes  may  occur,  but  the  instances  are  exceptional.  ' 

That  the  proposed  biolo^^ical  survey  of  the  state  may  fully  accomplish 
its  purpose,  the  work  upon  the  phanerogamic  flora  should  in  the  future 
proceed  under  rertaiJi  definite  conditions  and  for  the  accomplishment  of 
certain  definite  results.  Primarily  the  data  collected  should  be  of  such 
nature  and  in  such  form  as  to  be  readily  correlated  with  similar  work  done 
in  other  states.  That  this  may  be  accomplished  it  is  necessary  that  simi- 
lar data  be  collected  and  terms  te(;hnically  employed  shall  have  an  uniform 
meanin«i. 

The  words  which  have  given  rise  to  perhai)s  the  greatest  confusion  by 
lat'k  of  uniformity  in  meaning,  are  the  wonls:  ranyi'^  local  I  iff,  Mai  ion  and 
hah'itni.  I  quote  from  V.  \.  Coville  i  Botany  of  Death  Valley  expedition, 
pp.  10),  "  The  meanings  that  should  logically  be  attached  to  these  words 
are  aH  followi«: 
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**  Range — The  region  over  which  a  type  spontaneously  grows. 

"  Loca!llif—The  approximate  geographic  position  of  an  individual  speci- 
men. 

"  Station— The  spot  upon  which  the  specimen  has  been  collected  or 
observed. 

**  Jlabitat— The  character  of  the  place  in  which  a  type  occurs.'* 

To  illustrate  the  use  of  these  terms  Mr.  Coville  takes  Juncus  cooperi  and 
the  particular  specimens  of  it  collected  under  No.  204  of  the  report,  tabu- 
lating the  data  as  follows : 

"  Range,  in  the  lower  Sonoran  zone  from  Vegas  Wash,  Nevada,  westward 
in  California  through  the  Amargoea  valley,  Death  valley  and  Panamint 
valley,  and  again  at  Borrego  Springs  in  the  Colorado  desert. 

"  LocaHtt/,  Death  Valley,  California. 

"  Station,  edge  of  salt  marsh  about  400  meters  east  of  Bennett  Wells, 
Death  \'alley,  California. 

'^  Hahitat,  densely  alkaline  moist  soil,  apparently  only  that  containing 
compounds  of  boracic  acid.*' 

I  have  given  this  extract  in  full  for  the  purpose  of  showing  what  a  com- 
plete record  is  essential  to  the  fullest  knowledge  of  a  tiora,  and  also  to  em- 
phasize the  importance  of  '^  mass  distribution  "  embraced  under  the  head 
range,  a  fact  rarely  given  by  untrained  collectors.  As  this  series  of  defi- 
nitions proceeds  from  the  office  of  the  (government  Botanist  they  may  be 
used  in  full  assurance  of  their  ready  correlation.  In  the  collection  for  the 
purposes  of  the  proposed  biological  survey  then,  collectors  should  as  far 
as  possible,  record  in  a  concise  and  systematic  manner,  the  following  data : 
1.  liange,  2.  Locality,  .3.  Station,  4.  Habitat,  5.  Local  peculiarities,  6. 
Name,  if  known,    7.  Date,    8.  Abundance. 

All  notes  should  be  kept  in  a  note-book,  the  plant  being  known  by  a 
serial  number,  and  the  name  of  the  eollector. 

Serial  numbers  should  be  carried  forward  from  season  to  season.  Thus 
if  the  last  serial  number  of  1H<)3  was  378,  the  first  number  of  1804  should 
be  379.  Plants  then  are  known  by  the  number,  the  name  of  the  collector 
and  the  date,  as  ''21(>2  Jones  1893."  By  thLs  means  plants  are  readily 
identified  wherever  they  may  be  distributed,  and  provision  made  for  fu- 
ture revision  and  correction. 

Should  a  special  collecting  trip  be  made,  the  following  additional  notes 
should  be  recorded :  1.  Itinerary,  2.  Weather,  daily,  .'».  Noteworthy  plants 
observed  but  not  collected. 
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In  all  cases  as  far  as  posssble  sach  ideological  notes  as  are  of  value  should 
be  entered  in  the  record.  The  note-book  should  also  show  under  the 
proper  serial  number,  the  quantity  of  that  form  collected. 

It  is  of  course  too  much  to  expect  in  a  voluntary  work  such  as  that  pro- 
posed by  the  .State  Academy  that  every  person  who  aids  in  the  work  ipiill 
be  able  to  keep  typical  records,  for  that  is  possible  only  in  the  case  of 
specially  trained  collectors,  but  with  a  full  knowledge  of  the  facts  needed 
each  person  contributing  to  this  work  can  add  some  fact  not  definitely 
known  concerning  our  state  llora. 

In  a  general  way  collectors  should  secure  a  sufficient  quantity  of  any 
given  form  to  admit  of  distribution  into  Hets,  a  fact  which  should  be  es- 
pecially observed  in  the  case  of  rare  plants  or  those  of  local  distribution. 
This  advice  does  not  point  in  the  direction  of  the  extermination  of  such 
forms,  for  in  all  cases  the  collector,  inferentially  at  least,  is  supposed  to  be 
free  from  any  tendency  to  vandalism.  They  should  also  be  careful  in  all 
cases  to  make  comphte  specimens,  a  work  that  will  necessitate  some  pre- 
liminary study  of  the  difTerent  groups.  Perhaps  the  most  valuable  sets  of 
directions  which  we  have  for  collectors  are  to  be  found  in  the  publication 
of  F.  H.  Knowlton  of  the  Smithsonian  Institute,  and  the  collector's  num- 
ber of  the  Botanical  Gazette  (vol.  -  No.  -).  An  examination  of  either  of 
these  publications  will  serve  to  assist  the  collector  in  his  work  and  also 
add  much  to  the  value  of  bis  collection.  Those  intending  to  collect  should 
notify  the  person  in  charge  of  the  phanerogamic  tiora,  in  order  that  he 
may  suggest  to  them  special  points  for  investigation  and  study.  Through 
these  special  studies  much  of  value  may  be  accomplished. 

It  is  evident  from  the  preceding  pages  that  in  my  opinion,  the  work,  as 
far  at  least  us  the  phanerogams  are  concerned,  should  be  placed  in  the 
hands  of  one  person.  He  should  assign  special  groups  for  determination 
to  those  specially  fitted  for  the  work  and  should  indicate  as  far  as  possible 
the  regional  problems  for  investigation.  It  would,  under  such  conditions, 
be  possible  to  effect  such  co-ordination  of  work  that  the  results  would  be 
not  only  of  scientitlc  but  of  economic  value. 

Material  should  be  collected,  so  that  complete  and  authenticated  sets 
could  be  distributed  to  each  college  maintaining  a  herbarium,  and  from 
which  du])licates  of  special  noteworthy  forms  could  be  furnished  to  the 
specialists  of  the  country.  It  should  be  a  great,  working  herbariam, 
thoroughly  representative  of  the  ;<tate,  and  sutticient  for  all  the  demands 
that  w^ould  naturally  be  made  upon  such  a  collection. 
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It  was  my  purpose  to  consider  in  this  paper  the  various  collections  of 
the  istate,  i)rivate  as  well  as  those  owned  by  the  various  colleges,  but  the 
necessary  data  are  not  yet  in  my  possession.  I  trust  however  at  the  spring 
meeting  of  the  Academy  to  present  a  tabulated  statement  covering  these 
points. 

This  paper,  submitted  to  the  Academy  at  the  request  of  the  directors  of 
the  state  biological  survey,  is  merely  an  expression  of  my  own  personal 
views,  the  exact  form  w^hich  this  work  may  take  lying  wholly  in  their 
hands. 


THE  RELATIONS  OF  THE  HIQH  SCHOOLS  OF  INDIANA  TO  THE 

PROPOSED  BIOLOGICAL  SURVEY. 

By  W.  S   Blatchlev. 

In  my  opinion  the  high  schools  pf  the  state  could,  in  the  presence  of 
the  proper  conditions,  be  made  a  most  important  factor  in  the  prosecution 
of  the  proposetl  survey,  and  could  themselves  derive  much  benefit  from  it. 
But,  in  probably  the  majority  of  cases,  the  conditions  are  lacking,  and  be- 
fore they  can  be  brought  about  I  am  afraid  the  survey  will  have  long  since 
been  completed. 

It  is  to  the  teacher  of  biology,  if  to  any  one  in  the  faculty  of  the  high 
school,  to  whom  the  survey  must  look  for  aid.  He,  or  she,  alone  of  the 
faculty,  is  supposed  to  be  interested  in  birds,  bugs  and  flowers  to  such  an 
extent  that  they  can  readily  instill  in  the  minds  of  their  pupils  that  desire 
to  know  more  of  the  secrets  of  nature  and  of  the  life  historv  of  her  varied 
objects  which  will  cause  those  pupils  to  be  on  somewhat  intimate  terms 
with  their  local  fauna  and  flora,  and  so  be  able  to  note  to  some  degree  the 
more  rare  and  interesting  forms  of  animal  and  plant  life  about  them,  to  be 
able  to  record  the  abundance  of  these  forms,  their  local  distribution  and 
the  causes  thereof,  in  short  all  facts  which  may  afterwards  be  of  aid  to  the 
directors  of  this  survey  and  their  assistants. 

Only  teachers  who  are  themselves  enthused  with  the  subject  can  beget 
the  necessary  enthusiasm  in  their  pupils,  and  it  is  to  such  teachers  as 
leaders,  therefore,  to  whom  the  survey  must  look  for  a]<l. 

Let  us  consider  then  the  high  school  biology  teachers  of  the  state  as  a 
clasp,  and  see  whether  much  should  be  expected  of  them  by  the  survey. 
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We  may  classify  them  roughly  into  three  great  groups,  which,  for  want 
of  better  terms,  I  shall  designate  as  "  fossils/'  "  special  microscopists/'  and 
"  all  around  biologists."  In  the  brief  time  at  my  command  I  have  not 
been  able  to  gather  the  statistics  concerning  these  three  groups,  but  Prof. 
B.  W.  Kvermann,  in  1891,  wrote  to  the  different  high  schools  of  the  state 
for  information  on  this  subject  and  the  answers  he  received  disclosed  the 
fact  that  to  the  class  I  designate  as  "  fossils"  belongs  as  yet  a  very  large 
number,  rather  let  us  say  a  large  majority  of  the  hi^h  school  biology 
teachers  of  the  state ;  but,  and  let  us  be  devoutly  thankful,  their  number 
is  steadily  decreasing. 

They  teach  Steele's  Zoology  by  rote.  They  never  see  or  use  a  specimen 
unless  it  be  a  horned  toad  from  Texas  or  a  dried  sea  urchin  from  Buz- 
zard's Bay.  They  have  no  zoological  works  of  reference  except  the  pic- 
tures in  the  back  of  Webster's  unabridged  dictionary.  They  spend  days  in 
descanting  with  their  classes  upon  such  important  biological  facts  as  the 
"  comparative  length  of  the  tail  in  the  different  species  of  monkeys ; "  or, 
as  in  a  case  gone  down  into  history  fr&m  one  of  the  leading  high  schools 
of  the  state, ''  on  which  foot  of  the  Ornithorhyncus  does  the  webbing  ex- 
tend past  the  toes  ?  "  That  I  am  not  using  hyperbole  in  speaking  of  their 
teaching,  let  me  read  you  verbatim  from  their  standard  author,  Steele,  the 
sole  fact  which  he  gives  concerning  the  leading  family  of  one  of  the  seven 
great  orders  of  insects.    Here  it  is : 

ACKIDID-t.    ' 

"The  grasshop]>ers  or  locusts  of  the  western  states  belong  to  this  family. 
They  come  in  such  multitudes  as  to  give  the  sunlight  the  yellow  tinge  of 
dense  smoke  and  to  eat  a  large  field  of  grain  in  an  hour/' 

And  yet,  as  proven  conclusively  by  Prof.  Evermann,  the  great  majority 
of  the  high  schools  of  the  i^tate,  where  zoology  is  taught,  use  Steele's  book 
alone  and  teach  such  bosh  by  rote.  What  a  travesty  upon  nature  teach- 
ing !    What  a  blot  upon  our  boasted  advanced  scientific  methods ! 

As,  yielding  to  the  demands  of  the  times,  the  "  fossil  "  steps  aside,  he 
often  makes  way  for  the  **  special  microscopist."  The  latter  is  a  product 
of  the  one  sided  development  theory  at  present  so  conspicuous  in  some  of 
our  higher  institutions  of  learning.  He  is  an  evoluted  histological  and 
enibryological  specialist  with  a  B.  S.  after  his  name,  and  a  summer  or 
two's  experience  at  some  seaside  laboratory  to  give  him  added  prestige. 
He  is  an  expert  in  the  use  of  the  microscope  and  microtome.  He  knows 
every  detail  concerning  the  embryology  of  the  sea-squid  and  the  develop. 
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ment  of  the  amphioxus,  but  he  donH  know  a  jumping  mouse  from  a  long- 
tailed  shrew,  an  oriole  from  a  cat  bird,  nor  a  Hessian  fly  from  a  chinch 
bug.  The  only  field  of  nature  which  he  has  ever  explored,  or  which  he 
deems  worthy  of  exploration,  is  the  field  beneath  the  lenses  of  his  micro- 
scope. 

When  he  aasumes  the  biological  chair  he  does  so  for  two  reasons;  first, 
to  replenish  his  exchequer;  second,  to  use  his  position  as  a  stepping  stone 
to  a  higher  one,  where  his  methods  are  in  vogue. 

He  finds  on  entering  the  high  school  no  equipments  for  teaching 
zoology,  no  collection  except  a  worm-eaten,  dried  sea  urchin  and  a  half 
rotten,  alcoholic  horned  toad,  no  library  except  a  worn  copy  of  Steele's 
zoology.  He  appeals  to  the  school  board  for  aid.  Their  belief  in  the 
potency  of  his  sheep  skin  and  other  credentials  cause  them  to  allow  him  $3(X) 
for  supplies.  Two-thirds  of  this  he  expends  for  compound  microscopes,  a 
microtome  and  reagents :  one-sixth  of  it  he  sends  to  a  marine  supply  house 
for  sea  urchins,  star  fish  and  amphioxus,  and  with  the  remainder  he  pur- 
chases a  few  standard  reference  works  on  embryology  and  morphology : 
and  then  settles  down  to  teach  his  pupils  of  fourteen  and  fifteen  years  of 
age  in  the  high  school,  the  same  facts  according  to  the  same  methods 
which  he  learned  in  the  great  universities  where  he  leceived  his  special 
training. 

His  pupils  bring  in  for  a  time  birds,  reptiles  and  insects  from  their 
native  heath,  but  their  instructor  can  tell  the  youthful  collectors  nothing 
of  the  habits,  life  historj',  or  classification  of  their  specimens.  Their 
natural  desire  for  collecting  and  observation,  which,  wuth  a  little  en- 
couragement, would  soon  have  resulted  in  much  good  both  for  them- 
selves and  for  the  high  school  collection,  is  soon  chilled. 

They  cease  to  notice  the  animals  and  plants  about  them,  and  in  a  month 
or  two  settle  down  under  the  teacher's  guidance  and  study,  for  a  year,  sec- 
tions one- three  thousandth  of  an  inch  thick  of  some  half  dozen  marine 
forms,  and  perhaps,  if  they  know  where  to  find  them,  of  the  eggs  or  tad- 
poles of  a  frog  or  salamander. 

At  the  end  of  the  year  they  can  talk  smatteringly  of  ectoderms,  blasto- 
spheres,  actinial  filaments  and  calycoblasts.  They  can  make  fair  diagrams 
of  the  sections  they  have  studied,  but  they  know  little  of  morphology,  less 
of  adaptation  and  correlation  of  organs,  and  absolutely  nothing  of  the 
classification  of  animals. 

They  graduate  from  the  high  school  and  go  out  into  the  world.    One 
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out  of  ten  goes  to  a  normal  school,  college  or  university.  One  out  of  a 
hundred  of  these  makes  zoology  a  specialty  and  perhaps  follows  in  the 
footsteps  of  his  former  preceptor.  The  other  ninety-nine  become  artisans, 
merchants,  professional  men  or  farmers;  or,  if  of  the  gentler  sex,  the 
wives  of  the  above.  They  go  through  life  meeting  daily  nature's  objects 
on  every  hand,  yet  seeing  them  not ;  surrounded  by  problems  interesting 
and  instructive,  yet  knowing  nothing  of  the  problems  themselves  or  of  the 
method  of  their  solution. 

They  see  no  order,  no  relations  among  the  animals  and  plants  around 
them.  Knowing  nothing  of  classification,  they  are  unable  to  find  the 
name  of  any  plant  or  animal,  which,  from  some  conspicuous  external  char- 
acter, attracts  their  attention.  If  they  should  happen  upon  Kirtland's 
warbler  they  would  never  know  but  what  it  was  the  common  "yellow- 
rump.*' 

Taking  all  these  facts  into  consideration  it  is  obvious  that  the  proposed 
survey  can  expect  little  or  nothing  from  those  high  schools  where  "fossils" 
or  "  special  microscopists  "  are  at  the  head  of  the  work  in  biology.  In 
such  schools  the  "  proper  conditions '*  are  lacking. 

The  "  all  around  biologist,"  if  I  may  term  him  such,  at  times  succeeds 
the  "foEsil."  With  the  money  received  from  the  school  board,  usually  a 
much  smaller  sum  than  that  secured  by  the  "  special  microscopist,"  he 
purchases  one  or  two  compound  microscopes,  a  number  of  sets  of  dissect- 
ing tools,  ten  or  fifteen  gallon^:  of  alcohol,  some  fruit  jars,  etc.,  and  ex- 
pends the  remainder  for  general  reference  works  on  biology,  especially 
those  treating  of  the  morphology,  physiology  and  systematic  position  of 
the  more  common  forms  of  life.  These  works  of  reference  are  in  an;as- 
cending  series,  beginning  with  the  more  simple,  as  Huxley  and  Martin's 
Biolog>%  Huxley's  "  Crayfish,"  Hyatt's  "  InBecta,"  etc.,  and  advancing  to 
the  more  complex. 

The  instructor  begins  his  teaching  at  the  very  bottom  of  the  work,  with 
a  few  simple  talks,  illustrated  by  common  specimens  picked  up  in  the 
neighborhood,  in  which  he  develops  the  distinctions  between  organic  and 
inorganic  objects,  and  between  plants  and  animals.  A  week  or  two  is 
then  spent  upon  the  elements  of  histology,  explaining,  by  the  use  of  typ- 
ical sections,  the  parts  of  a  cell,  cell  multiplication  and  the  structure  of  the 
primary  animal  tissues.  The  pupil  is  then  put  to  work  for  himself,  with 
Colton's  or  some  similar  zoology  in  hand,  upon  a  grasshopper  as  a  type  of 
arthropoda  and  insects.  Three  weeks  are  spent  upon  this,  and  a  week 
each  upon  typical  examples  of  the  other  six  orders  of  insects. 
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After  a  carefal  examinatiou  of  the  structure  of  each  type,  including  ac- 
curate drawings  of  the  principal  organs  of  each,  and  the  reasoning,  led  by 
skillful  questions  put  by  the  teacher,  from  structure  to  function,  the 
teacher  himself  gives  for  one  to  two  days  a  talk  upon  the  {systematic  posi- 
tion of  the  common  representatives  of  the  order,  illustrating  the  remarks 
by  fifteen  or  twenty  examples  from  the  fauna  of  the  home  county.  Ques- 
tions of  adaptation,  local  distribution  and  the  causes  thereof,  come  up  in 
such  talks  and  are  discussed  by  both  pupil  and  teacher. 

After  the  insects  comes  a  study  of  a  mussel  and  snail  as  types  of  mol- 
lusks,  and  a  crayfish  as  a  type  of  crustaceans.  In  this  way  the  first  half 
year  is  spent  upon  invertebrate  forms  of  life. 

After  the  pupils  begin  to  understand  something  of  the  scope  of  the  work 
A  certain  group  of  animals  belonging  to  the  county,  such  as  beetles,  crick- 
ets, snails,  batrachians  or  mammals,  is  assigned  to  each  one  to  be  worked 
up  during  the  year  outside  of  school  hours.  As  full  a  collection  as  possi- 
sible  of  the  group  assigned  is  to  be  made  by  the  pupil.  Full  notes  are 
kept  on  local  habitat,  distribution  and  the  causes  thereof,  habits,  food  and 
so  on,  these  notes  to  be  incorporated  into  a  paper  to  be  read  before  the 
class  at  the  end  of  the  year,  which  paper,  together  with  the  collection, 
shall  be  graded  as  part  of  the  year's  work. 

The  teacher  goes  with  the  class  into  the  field  on  a  number  of  occasions 
in  fall  and  spring,  helps  each  collect  in  his  or  her  special  line,  instructs 
them  in  the  preparation  of  specimens  for  a  permanent  cabinet,  cites  them 
to  works  of  reference  on  their  respective  groups,  etc.  All  duplicates  col- 
lected are  deposited  in  the  high  school  collection  which  thus  increases 
rapidly  in  size.  The  "  all  around  biologist "  has  for  his  school  room 
motto  the  following:  **  He  is  a  good  naturalist  who  knows  his  own  parish 
thoroughly." 

In  the  work  proper  the  second  half  of  the  year  is  devoted  to  vertebrates, 
modifying  this  work  so  that  after  dissecting  a  type  of  each  class  of  verte- 
brates the  pupil  is  required  to  draw  up  an  accurate  description  of  each  of 
three  or  four  members  of  the  class  and  from  the  description  determine  the 
systematic  position  of  each  by  the  aid  of  Jordan's  "Manual  of  Verte- 
brates." 

Following  this  course  of  instruction  the  average  pupil,  at  the  end  of  the 
year's  work  in  zoology,  will  have  something  of  a  knowledge  of  the  rela- 
tionship existing  between  animals  and  plants  and  between  the  different 
groups  of  animals  themselves. 
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He  will  have  a  knowledge  of  the  groes  anatomy  of  the  principal  organs 
of  at  least  a  type  mollnsk,  crustacean,  insect,  lish,  reptile,  bird  and  mam- 
mal, lie  will  be  able  to  reason  from  structure  to  function  and  to  under- 
stand at  least  the  principles  of  adaptation  and  correlation.  He  will  have 
gained  a  certain  power  of  comparison  and  the  power  of  grasping  the  lead- 
ing distinctions  between  the  principal  groups  of  animals.  He  will  be  able 
to  go  into  the  field,  observe,  record  and  collect  the  animals  of  any  group  in 
which  he  may  be  especially  interested.  He  will  be  able  to  take  a  manual 
and  find  for  himself  the  name  and  systematic  position  of  any  animal  which 
he  will  be  likelv  to  meet  in  his  after  life. 

Morphology,  physiologj-  and  systematic  zoology  are  then,  in  my  opin- 
ion, the  three  divisions  of  zoology  which  should  be  particularly  dwelt 
upon  in  high  school  work:  wiiile  embryology,  advanced  histology  and  mi- 
croscopic techn](]ue  should  be  rele^^ated  to  the  higher  institutions  of 
learning. 

The  *^  all  around  biologist "  at  the  head  of  the  work  in  the  high  school, 
constitutes,  then,  the  "proper  conditions"  to  which  I  referred  at  the  be- 
ginning of  this  paper.  Where  such  conditions  exist  the  biological  survey 
of  the  state  can  reasonably  expect  much  aid.  There,  collections  of  the 
local  fauna  and  flora  have  been  made,  and  can  be  studied  by  the  special- 
ists on  the  sur^-ey  who  are  interested  in  them. 

There,  observers,  former  pupils  or  present  advanced  pupils,  can  be 
found,  who,  when  fully  informed  of  the  objects  of  the  survey,  will  be  both 
willing  and  able  to  observe,  collect  and  record  for  the  survey.  Due  credit 
should  be  given  in  all  publications  of  the  survey  to  the  high  school  and  to 
such  individual  collections.  As  a  further  reward,  after  the  work  is  prac- 
tically finished,  typical  collections  of  duplicate  moUusks,  insects,  fishes, 
etc.,  from  dillerent  parts  of  the  state  could  be  presented  to  those  high 
schools  wiiich  have  aided  materially  in  the  survey.  Moreover,  copies  of 
all  publications  of  the  survey  could  be  furnished  them  to  be  added  to  their 
reference  library.  In  this  way  the  future  biological  work  of  the  high 
school  would  be  more  easy  and  more  valuable,  and  thus  both  school  and 
survey  would  derive  a  mutual  benefit  from  the  work  in  hand. 
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The  Si'txiAL  Sensi^s  of  Plants. 
By  J.  C.  Arthur. 

We  are  told  by  Louise  Michel,  a  woman  of  remarkable,  if  somewhat  ec- 
centric intellectual  powers,  that  i^hen  in  Australia  sitting  at  her  window 
one  day  her  attention  was  attracted  by  the  slow  but  regular  movements 
of  a  climbing  plant.  Its  long  free  end  swept  slowly  around,  like  an  out- 
stretched arm  reaching  for  something  to  cling  to.  Does  it  feel  ?  is  it  mov- 
ing in  response  to  some  inward  desire  ?  are  the  questions  she  asked  herself ; 
and  thought  it  not  improbable  that  an  affirmative  answer  might  be  truth- 
fully  given.  The  last  number  of  MeehaiVf^  Monthly y  a  journal  of  considerable 
scientific  pretention,  gives  editorial  endorsement  to  essentially  the  same 
views.  To  what  extent  plants  have  senses  or  sensibility  is  a  (juestion  that 
thoughtful  people  have  asked,  and  will  continue  to  ask,  and  is  indeed  a 
subject  well  worthy  of  attention. 

In  the  days  of  Aristotle  plants  as  well  as  animals  were  distinguished 
from  the  inanimate  world  by  the  possession  of  a  soul,  to  which  the  char- 
acteristic features  of  the  organism  as  a  living  object,  were  ascribed.  Aris- 
totle^s  theory  of  a  soul. in  plants  was  ably  expounded  by  the  distinguished 
Italian  scholar,  Cesalpino,  in  the  sixteenth  century.  lie  entered  into 
lengthy  arguments  regarding  the  seat  of  the  soul,  and  concluded  that  it 
must  reside  in  the  pith,  particularly  in  certain  portions  of  it.  With  a 
philosophy  of  this  nature  there  was  nothing  incongruous  in  the  popular 
notion  of  the  times  that  some  plants  were  endowed  with  properties  akin 
to  human.  Some  exercised  wonderful  spells  over  persons  coming  into 
their  presence,  and  some  would  "shriek  like  mandrakes  torn  out  of  the 
earth,  that  living  mortals  hearing  them,  run  mad,"  as  Shakespeare  puts  it. 

This  doctrine  of  a  biologic  eoul,  which  was,  however,  more  materialistic 
than  spiritualistic  in  its  application,  helped  to  shape  botanical  philosophy 
from  the  time  of  Aristotle  and  earlier  down  to  the  middle  of  the  eighteenth 
century,  having  had  much  to  do  even  with  determining  the  views  of  Lin- 
naus.    In  its  strictest  form,  as  expounded  by  Cesalpino,  the  doctrine  is 
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not  particularly  startling  even  at  the  present  day,  for  he  taught  that 
plants  poRsess  ''only  that  kind  of  soul,  hy  which  they  are  nourished,  grow, 
and  produce  their  like,''  the  capacity  for  sensation  and  movement  being 
denied  to  them.  If  I  mietake  not,  the  popular  notion  of  plants  in  our  own 
day  does  not  differ  eHsentially  from  this  scholastic  philosophy  of  several 
centuries  ago. 

The  second  period  of  development  of  the  ideas  respecting  sensation  in 
plants,  or  we  might  better  say  the  want  of  sensation  in  plants,  was  opened 
by  the  famous  dictum  of  Linna'us  that,  "  minerals  grow,  plants  grow 
and  move,  animals  grow,  move  and  feel.''  I^inna>us'  great  prominence  as 
a  systematist  gave  to  this  dogma  special  force,  although  in  reality  it  was 
but  a  slight  modification  of  the  teaching  of  Cesalpino,  already  referred  to, 
and  of  his  successor  Jung.  Much  of  the  controlling  opinion  of  the  greatest 
philosophical  botanists  down  to  the  present  century  can  be  traced  back  to 
these  two  scholastics.  Jung  was  a  contemporary  of  Kepler,  Galileo  and 
Descartes,  and  dominated  botanical  thought  in  Germany,  as  Ceealpino  had 
done  in  Italy.  He  expressed  his  view  in  the  sentence :  "  Planta  eat  corpus 
vivens  rum.  »entieni<.^* 

The  force  of  Linnious'  aphorism  was  more  in  its  form  than  in  its  newness, 
in  spite  of  the  fact  that  he  ascribed  motion  to  plants,  for  it  seemed  to  sep- 
arate nature  into  three  sharply  delimited  kingdoms:  mineral,  vegetable 
and  animal.  Botanists  and  zoologists  have  from  that  time  to  within  a  few 
years  of  the  present  been  fruitlessly  attempting  to  find  infallible  charac- 
ters for  distinguishing  animals  and  plants.  The  discovery  of  protoplasm 
in  1846,  of  its  identity  in  the  animal  and  vegetable  organism  somewhat 
later,  and  the  publication  of  the  origin  of  species  in  18t59,  brought  an  end 
to  the  old  order  of  things,  gave  rational  unity  to  the  organic  world,  founded 
a  science  of  biology,  and  converted  the  scholastic  method  of  studying  na- 
ture into  the  dynamic  method.  At  the  present  time  the  motto  of  the 
botanist  is  '^  the  study  of  plants  as  living  things,"  and  by  acting  upon  it 
the  science  has  been  redeemed  from  the  lethargic  state  of  being  "  a  chron- 
icle of  the  dead,"  as  Julian  Hawthorne  characterises  it,  into  a  subject  of 
immediate  and  vital  interest. 

The  fact  that  plants  possess  sensibility,  or  as  the  text-books  now  say,  ir- 
ritability, was  made  conspicuous  and  put  beyond  all  doubt,  even  with  the 
unlearned,  when  the  sensitive  plant  {Mimosa  pudica)  was  discovered  in 
America  and  taken  to  the  gardens  of  Europe.  A  plant  of  such  easy  culture 
in  either  the  garden  or  the  conservatory,  and  possessing  such  wonderful 
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seiisitiveness  to  touch,  attracted  general  attention.  In  1848  Briicke's 
memoir  upon  the  sensitive  plant  appeared.  It  was  a  model  for  thorough- 
ness, for  ingenious  methods,  and  lucid  deduction.  From  this  clear  and 
unequivocal  starting  point  it  was  comparatively  easy  to  pass  to  the  less 
obvious  forms  of  irritability,  and  since  then  many  kinds  of  reaction  to 
stimulation  in  plants  have  been  brought  to  light  and  made  the  subjects 
of  investigation. 

But  admitting  that  plants  have  sensibility,  that  is,  are  capable  of  re- 
sponding to  stimuli,  is  far  from  admitting  that  they  have  senses.  Active 
protoplasm  is  always  sensitive  to  some  form  of  stimulation.  If  a  bit  of 
fresh  striated  muscle,  from  the  leg  of  a  frog  for  instance,  be  struck,  or 
pricked  with  a  needle,  or  shocked  with  a  current  of  electricity,  it  will  re- 
spond by  contraction ;  and  so  will  the  protoplasm  in  the  cells  of  an  onion 
or  other  plant.  Contractility  is  a  universal  property  of  living  matter, 
although  different  cells  of  the  vegetable  and  animal  structure  display  it  in 
varying  intensity.  There  is,  however  much  disparity  between  contractility 
and  sensation.  Whether  this  disparity  is  real,  that  is  whether  there  is 
actual  discontinuity,  or  whether  it  is  only  seeming,  being  the  expression 
of  extremes,  is  an  important  inquiry. 

If  we  approach  the  subject  from  the  opposite  direction,  we  shall  have  a 
very  different  point  of  view.  There  is  no  way  of  securing  a  just  conception 
of  the  extent  and  relations  of  an  object,  as  of  a  house  or  a  tree,  like  view- 
ing it  from  different  sides.  To  consider  the  contraction  of  the  muscles  of 
the  arm  when  the  hand  has  touched  an  uncomfortably  hot  surface,  is  to 
study  the  physiology  of  the  movement,  but  to  consider  the  mental  dis- 
turbance produced  by  the  perception  of  heat,  is  to  take  a  very  different 
point  of  view  and  study  its  psychological  relations.  One  is  the  objective 
and  the  other  the  subjective  method ;  both  have  advantages.  But  both 
methods  should  lead  to  a  unity  of  conception ;  and  this  should  be  a  more 
complete  concei)tion,  than  either  method  could  give  pursued  by  itself; 
just  as  viewing  a  house  from  the  east  side  and  from  the  west,  is  better 
than  viewing  it  from  one  side  alone.  So  far  as  I  am  aware,  no  writer  has 
presented  the  psychological  side  (if  the  expression  may  be  used)  of  the 
movements  of  plants,  although  the  foremost  investigators,  Darwin,  Sachs 
and  Frank,  make  the  presentation  of  their  physiological  studies  attractive 
by  use  of  psychological  expressions.  Darwin,  in  his  work  on  climbing 
plants,  describes  the  behavior  of  a  plant,  which  failed  to  secure  a  hold 
upon  a  tall  stick  placed  at  a  certain  distance,  the  free  end  of  the  twiner, 
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as  it  swept  aroand  in  a  circle,  each  time  sliding  past  the  support  after 
heing  pressed  against  it  for  some  time ;  and  adds  that  ^*  this  movement 
of  the  shoot  had  a  very  odd  appearance,  as  if  it  were  disgusted  with  its 
failure,  but  was  resolved  to  tr}'  again."  In  summing  up  his  studies  on  the 
root  tip  in  bis  volume  on  the  power  of  movement  in  plants,  the  same 
author  states  that  the  tip  of  the  root  **  acts  like  the  brain  of  one  of  the 
lower  animals/'  But  we  are  not  supposed  to  interpret  these  expressions 
to  mean  that  a  climbing  plant  has  feeling  or  that  a  root  thinks. 

As  our  knowledge  of  nature  is  dependent  primarily  upon  our  powers  of 
cognition,  it  is  not  strange  that  students  of  subjective  phenomena  should, 
like  Descartes  and  Leibnitz,  in  the  earlier  days  of  the  science  of  mind,  and 
Hegel  and  Locke  in  more  recent  times,  refuse  to  entertain  any  connection 
between  mind  and  matter,  except  that  of  association.  With  the  gradual 
unfolding  of  a  knowledge  of  physiology,  and  the  adoption  of  its  revela- 
tions and  methods,  a  gradual  extension,  overlapping  and  fusion  of  the 
spiritual  and  material,  the  subjective  and  objective,  manifestations  of 
living  nature  have  taken  place.  But  if  we  examine  the  writings  of  Bain, 
Carpenter  or  Herbert  Spencer,  of  the  English  school,  or  Herbart,  Ix>tze  or 
Wundt,  of  the  German  school,  or  other  representatives  of  the  present 
liberal  movement,  we  shall  find  that  activity  has  only  been  transferred 
from  the  cerebral  hemispheres  to  the  ramification  of  the  nerves,  and  from 
a  search  for  the  seat  of  conciousness  to  a  study  of  the  transmission  of  im- 
pulses. But  it  is  to  be  remembered  that'  the  brain  and  nerves  are  the 
telegraphic  lines  and  relay  stations  for  communicating  intelligence  of  the 
condition  of  the  outside  world  to  the  sensient  organism,  and  furthermore 
that  many  of  the  low^er  animals  and  all  the  world  of  plants  are  without 
nerves ;  they  are  like  society  before  the  advent  of  the  telegraph,  telephone 
and  postal  system.  This  large  part  of  animate  nature  is,  for  the  most 
part,  ignored  by  the  psychologists,  and  treated  by  the  physiologists  only 
objectively.  In  fact,  subjective,  that  is  obverse,  physiology  is  in  need  of 
devotees. 

There  is  great  diversity  in  the  use  of  the  terms  sensitivenees,  sensibility 
and  sensation,  when  applied  outside  the  domain  of  human  psychology. 
We  are  inclined  to  accept  for  our  present  purpose  the  usage  adopted  by 
Maudsley,  who  makes  the  term  "sensibility  "  generic,  and  divides  it  into 
irritability,  reflex  action,  sensorial  action,  and  idealistic  perception.  In 
this  classification  organisms  without  nerves,  which  are  the  only  ones  we 
are  now  interested  in,  are  only  capable  of  sensations  due  to  irritability. 
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An  eminent  Bavarian  botanist,  Nilgeli,  has  philosophised  npon  the  subject 
of  universal  sentience.  **  In  the  higher  animals/'  he  says,  "  sensation  is 
distinctly  present  in  the  movements  consequent  upon  irritation.  We 
must  therefore  credit  the  lower  animals  with  it  as  well,  and  we  have  no 
reason  to  deny  it  in  the  case  of  plants  and  inorganic  bodies.'^  This  claim 
for  continuity  is  attractive,  but  is  much  too  sweeping,  and  not  suihciently 
logical.  No  good  purpose  c^m  be  subserved  by  crediting  minerals  with 
feeling,  which  we  find  Niigeli  has  done  because  their  molecules  exhibit 
the  attracting  and  repelling  forces  of  chemical  affinity.  His  assignment 
of  sensation  to  plants  rests  upon  no  better  basis.  Probably  no  author  has 
given  more  earnest  attention  and  study  to  this  subject  than  G.  H.  Lewes, 
the  distinguished  English  psychologist.  He  has  told  us,  in  his  volume  on 
the  object,  scope  and  method  in  the  study  of  psychology,  that  he  was  at 
one  time  fascinated  with  the  idea  of  a  comparative  psychology,  which 
should  begin  with  simple  organisms  and  thereby  gain  in  strength  of 
interpretation  upon  reaching  man.  He  began  to  collect  materials 
with  this  view,  but  afterward  abandoned  the  project  as  impracticable. 
We  may  parenthetically  remark  that  his  failure  to  secure  material  in 
this  way  to  interpret  human  action  does  not  disprove  the  feasibility  and 
usefulness  of  a  comparative  psychology  in  which  man  shall  receive  only 
the  share  of  prominence  due  him  as  a  member  of  the  organic  series.  How- 
ever, his  studies  made  possible  a  far  clearer  insight  into  the  distribution 
of  sensibility  in  organisms.  One  of  his  illustrations,  very  familiar  to  every 
laboratory  student,  is  especially  pertinent.  He  says:  "Touch  the  eye  of 
a  frog,  and  there  is  at  once  the  response  of  a  reflex  closure  of  the  eyelid* 
Touch  the  hairs  of  a  Venus  fly-trap  {DUmoca  muscipula)^  and  there  is  at  once 
the  response  of  a  reflex  closure  of  the  leaf.  Confine  the  frog  and  the 
diono}a  under  a  glass  shade,  and  place  there  a  sponge,  over  which  ether 
has  been  sprinkled.  Both  plant  and  animal  breathe  this  air  in  which  there 
is  vapor  of  ether,  and  as  this  vapor  penetrates  to  their  tissues  we  observe 
a  gradual  cessation  of  all  sensibility;  fiist  the  reflex  actions  cease,  then 
the  irritability  of  the  particular  tissues  ceases.  Stupor  has  supervened  for 
both.  Now  remove  the  glass  shade;  the  vapor  dissipates,  the  fresh  air 
penetrates  to  the  tissues  in  exchange  for  the  vitiated  air,  and  both  frog 
and  dionu:a  slowly  recover  their  sensibility.'^  From  this  experiment  he 
justly  concludes  '*  that  the  animal  and  plant  organisms  have  with  their 
common  structure  common  properties,  and  that  if  we  call  one  of  these 
properties  sensibility  in  the  animal,  we  must  call  it  thus  in  the  plant.'^ 
14  . 
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This,  and  many  other  equally  satisfactory  observations,  appear  to  lay  so 
good  a  foundation  for  a  proper  appreciation  of  the  scope  of  sensibility  that 
we  are  surprised  and  disheartened  to  find  him  finally  in  a  hopeless  muddle 
of  plants,  monads  and  molecules,  and  when  he  has  affirmed  that  "  sensi- 
bility stands  for  the  objective  phenomena  exhibited  by  an  organism  under 
stimulation,"  he  must  needs  add,  to  save  himself  from  possible  entangle- 
ment,/'or,  more  definitely,  for  the  reaction  of  a  neuromuscular  mechan- 
ism.*' No  great  progress  can  be  hoped  for  in  the  study  of  nerveless 
orgam'sms  by  a  constant  comparison  of  their  behavior  with  that  of  organisms 
with  nerves  and  nerve  centers.    There  is  need  of  a  different  method. 

This  review  of  the  present  state  of  knowledge  regarding  the  relations  of 
sensibility  in  plants  and  animals  shows  an  astonishing  absence  of  agree- 
ment and  a  total  lack  of  a  rational  basis.  The  confusion,  it  seems  to  me, 
is  due  to  a  disregard  of  the  conditions  under  which  sensibility  has  been  de- 
veloped in  the  two  divisions  of  the  organic  world.  Knowing  that  irrita- 
bility is  a  fundamental  property  of  all  living  matter,  let  us  ask  ourselves 
what  advantages  the  animal  or  plant  could  secure  by  its  special  develop- 
ment. That  is,  given  this  universal  property  of  organisms,  how  could  it  be 
developed  into  special  senses?  It  is  unquestionable  that  the  paramount 
necessity  of  the  organism  is  self-preservation.  To  secure  food,  to  keep  out 
of  harm's  way,  to  obtain  the  proper  supply  of  air,  moisture  and  heat,  may  be 
considered  the  fundamental  necessities  of  every  organism,  whether  man  or 
monad,  tree  or  microbe.  Considering  for  the  present  only  the  higher 
organisms,  we  note  that,  if  an  animal  desires  food,  its  sight  and  scent  aid 
in  searching  for  it,  if  in  danger  its  sight  and  hearing  enable  it  to  escape, 
when  food  is  obtained  taste  and  smell  indicate  whether  it  is  to  be  eaten  or 
rejected,  while  touch  gives  a  variety  of  sensations  relating  to  food,  bodily 
comfort  and  protection.  Our  present  purpose  does  not  require  any  men- 
tion of  intellectual  sensations.  All  the  lower  animals,  down  to  the  simplest 
unicellular  forms,  ''the  little  lumps  of  protoplasm"  described  by  Haeckel, 
possess  one  or  more  of  these  senses,  and  some  animals  may  possibly  possess 
other  kinds  in  addition.  The  point  to  be  especially  noted  here  is  that  each 
individual  animal  (with  a  few  exceptions  among  the  lowest  forms)  haa  the 
power  to  fiee  when  its  senses  indicate  danger,  or  to  advance  when  desirous 
of  food,  or  to  seek  another  place  if  the  present  one  is  too  wet  or  too  dry, 
too  hot  or  too  cold. 

Let  us  examine  plants  in  a  parallel  way.    If  they  need  food  do  they  have 
sight  and  scent  to  aid  them  in  searching  for  it  ?    No,  because  they  are 
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firmly  attached  to  one  spot;  roaming  about  is  impossible*  and  to  see  and 
smell  would  be  useless.  If  they  were  in  bodily  danger,  no  acnteness  of 
sight  or  hearing  would  avail  them  in  the  least.  Were  the  aspen  quaking 
through  fear  of  some  horrible  calamity,  it  could  not  move  an  inch  out  of 
the  path  of  destruction.  Again,  plants  take  no  solid  food,  and  have  no 
use  for  a  sense  of  taste.  In  short,  animals  are  endowed  with  a  set  of  senses 
which  would  be  practically  useless  to  plants,  from  the  fact  that  the  latter 
are,  with  very  few  exceptions,  fixed  instead  of  being  locomotive  organisms. 

But  are  there  no  movements  within  the  power  of  a  fixed  organism  that 
can  be  brought  about  by  the  action  of  stimuli,  which  may  aid  in  self-pres- 
ervation or  improving  the  conditions  of  existence  ?  I  think  that  a  little 
reflection  will  show  that  there  are ;  and  if  we  can  find  that  plants  have  de- 
velop^d  special  mechanism  in  connection  with  a  superior  localized  sensi- 
tiveness to  enable  them  to  take  advantage  of  the  conditions. of  their  exis- 
tence, we  shall  have  demonstratecl  the  possession  of  special  senses. 

There  is  no  requirement  for  plants  more  universal  or  more  necessary 
than  that  their  roots  should  penetrate  the  soil  and  their  foliage  be  spread 
to  the  air.  Yet  the  root  or  shoot  has  no  more  power  to  deviate  from  ex- 
tension in  a  straight  line  unless  acted  on  by  some  external  force,  than  a 
cannon  ball  or  other  moving  body  has  to  vary  its  course  from  a  straight 
line.  If  a  seed  in  germinating  should  lie  in  such  a  position  that  the  roots 
point  upward  and  the  stem  downward,  some  device  is  needed  by  which 
the  plantlet  may  readjust  itself,  by  either  turning  over  bodily,  or  chang- 
ing the  direction  of  its  growing  parts.  As  everyone  knows  the  latter  al- 
ternative is  adopted,  and  the  roots-  bend  down  and  penetrate  the  earth, 
while  the  stem  bends  up  and  lifts  its  foliage  into  the  air.  It  is  so  appar- 
ently a  matter  of  course  that  stems  grow  up  and  roots  grow  down,  that 
we  may  never  have  given  a  thought  to  an  explanation  of  the  process. 
£ven  botanists  have  only  recently  felt  the  full  necessity  for  accounting  for 
the  fact,  as  it  has  been  only  a  decade  since  Vochting  announced  his  theory 
of  rectipetality,  or  the  inherent  tendency  of  growing  organs  to  extend  in  a 
straight  line  unless  acted  upon  by  outside  forces. 

There  is  only  one  force  known  that  acts  uniformly  in  the  direction  of 
the  center  of  the  earth,  that  is  gravity ;  and  it  was  the  genius  of  Andrew 
Knight,  an  Englishman,  to  demonstrate  as  long  ago  aa  1806,  that  this  force 
does  furnish  the  directive  influence  in  securing  verticality  to  plants.  He 
grew  plants  on  revolving  wheels,  and  found  that  they  responded  to  cen- 
trifugal force,  and  that  when  the  wheel  was  placed  horizontally  and  re- 
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volved  at  a  speed  that  made  the  centrifugal  force  equal  that  of  gravity, 
both  roots  and  stems  grew  obliquely,  taking  the  position  of  a  resultant  of 
the  two  forces,  that  is,  of  forty-five  degrees  to  the  vertical. 

But  this  discovery  of  Knight's  was  not  very  fruitful,  for  no  one  could 
tell  how  gravity  could  produce  the  effect  ascribed  to  it.  If  it  pulled  the 
root  down,  why  did  it  push  the  stem  up  ?  The  stem  is  as  heavy  as  the 
root,  why  are  not  both  attracted  toward  the  center  of  the  earth  ?  It  was 
a  curious  paradox  to  say  that  the  same  force  acted  now  one  way  and  now 
exactly  the  reverse  on  different  parts  of  the  same  plant;  as  if  pulling  and 
pushing  were  the  same  thing.  It  was  supposed  that  gravity  acted  upon 
the  root  as  it  does  upon  a  mass  of  taffy  candy,  drawing  it  downward. 
But  Sachs  showed  in  1873  that  the  root  of  a  bean  fixed  horizontally  over 
mercury  could  penetrate  the  mercury  in  assuming  a  vertical  position.  As 
mercury  is  thirteen  and  a  half  times  as  heavy  as  water,  or  the  tissue  of  a 
young  root,  it  is  evident  that  far  more  force  was  expended  in  penetrating 
the  mercury  than  could  have  been  derived  from  the  physical  action  of 
gravity,  that,  is,  from  the  simple  weight  of  the  root.  The  experiment  has 
since  been  tried  in  another  and  more  obvious  way  by  harnessing  a  root 
tip  lying  horizontal  to  a  weight  suspended  over  a  pulley,  the  weight  being 
raised  as  the  root  bends  downward  in  response  to  gravity.  From  these 
experiments  we  must  conclude  that  gravity  does  not  act  physically  but 
physiologically  to  induce  the  curvature,  that  is,  it  acts  as  a  stimulus.  It  is  a 
small  spark  that  fires  the  gun.  The  same  spark  will  fire  a  pistol  or  a  can- 
non, the  result  depending  solely  upon  the  amount  and  arrangement  of 
the  explosive  material.  So  in  the  root,  if  there  is  the  proper  mechanism 
and  storage  of  force,  gravity  will  release  this  force  and  cause  the  bending, 
the  amount  of  work  done  being  enormously  out  of  proportion  to  the  initial 
expenditure  of  energy.  But  when  the  bending  takes  place,  will  it  be  up- 
ward or  downward?  If  it  were  a  purely  mechanical  device,  it  is  evident 
that  by  knowing  the  structure  of  the  organ,  one  oould  predict  the  direc- 
tion of  movement  under  stimulation.  But  we  shall  have  to  look  beyond 
and  above  simply  mechanical  laws  for  an  explanation.  The  wooden  horse 
could  not  have  destroyed  Troy  without  a  guiding  principle  within  more 
intelligent  and  effective  than  mechanical  force. 

But  in  attempting  to  solve  the  problem,  do  not  let  us  attempt  too  much. 
Let  us  accept  such  an  explanation  as  we  would  consider  satisfactory  in 
case  of  a  similar  i)roblem  regarding  the  behavior  of  an  animal.  To  see 
with  our  eyes  and  not  with  our  finjicers,  to  hear  only  with  our  ears,  taste 
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with  the  tongue,  and  so  on  lor  the  other  senses,  seems  like  a  matter  of 
course.  But  to  explain  why  the  nerves  of  the  eye  are  only  sensitive  to 
light,  of  the  ear  to  sound,  of  the  fingers  to  impact  and  temperature,  and 
so  on,  there  being  no  structural  differences  detectable  between  the  various 
sets  of  nerves  that  bring  about  such  diverse  results,  we  are  content  to  say 
that  it  is  due  to  a  specialization  of  sensibility.  The  nerves  at  the  tips  of 
the  fingers  are  more  sensitive  to  touch  than  those  at  the  back  of  the  hand. 
The  fingers  have  nerves  that  respond  when  stimulated  by  beat,  but  in  the 
eye  the  nerves  will  not  respond  to  heat  but  will  respond  to  light.  We  do 
not  marvel  at  this,  it  is  everyday  knowledge.  We  put  it  in  scientific  lan- 
guage by  saying  that  irritability,  a  universal-  property  of  living  matter, 
has  been  developed  and  specialized  in  different  organs  so  as  to  respond 
differently  to  different  stimulation.  Fundamentally  there  is  agreement, 
but  the  results  of  specialization  are  diverse.  In  thb  plant  the  root  has 
a  special  sensitiveness  to  gravity,  which  is  manifested  by  causing  it  to 
bend  earthward,  the  stem  possesses  a  sensitiveness  which  causes  it  to  bend 
skyward.  To  meet  its  conditions  of  existence  the  plant  has  developed  a 
special  sense,  that  of  geotropism,  by  which  it  is  enabled  to  take  advantage 
of  the  directive  influence  of  gravity  to  place  and  keep  itself  upright  in  the 
world.  It  haa  a  sense  which  animals,  with  their  freedom  of  movement, 
appear  to  be  nearly  or  entirely  without.  Animals  assume  an  upright  po- 
sition, not  in  response  to  a  direct  gravity  sense,  but  to  secure  the  most 
comfortable  adjustment  of  the  weight  of  the  parts  of  the  body.  Upright- 
ness is  a  question  of  weight  in  the  animal,  a  question  of  special  sense  in 
the  plant. 

It  may  be  objected  to  this  designation  of  the  gravity  sense  in  plants  as 
a  special  rather  than  a  general  sense,  that  it  is  diffused  throughout  the  plant 
and  not  confined  to  particular,  specialized  organs.  This  objection  has 
some  show  of  validity,  but  is  not  formidable.  The  apparent  difference  is 
not  fundamental,  but  necessitated  by  certain  structural  features.  Animals 
have  a  jointed,  or  wholly  mobile  body.  In  the  jointed  forms,  and  often  in 
the  others,  there  is  an  arrangement  of  muscles,  with  a  communication  of 
nerves  with  which  to  bring  about  movement  as  a  response  to  stimulation. 
Plants,  on  the  contrary,  have  a  rigid  body;  the  sensitive  protoplasm 
being  divided  into  innumerable  minute  particles,  each  little  mass  separ- 
ated from  its  neighbors  by  thick,  nearly  rigid  walls  of  wood  or  cellulose. 
It  used  to  be  a  favorite  illustration  to  say  that  a  plant  was  like  a  great 
prison,  with  innumerable  cells  separated  by  thick  walls,  each  cell  occupied 
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by  a  prisoner.  Although  the  individual  prisoners  may  be  strong  men,  and 
be  in  a  frenzied  state  of  activity,  beating  the  sides  of  rooms,  yet  a  specta- 
tor looking  at  the  outside  of  the  prison  would  see  no  movement  of  the 
walls,  no  evidence  of  life.  With  the  discovery  of  continuity  of  protoplasm 
between  plant  cells,  an  English  discovery  of  1882,  we  have  learned  that  to 
have  our  illustration  really  accurate,  we  should  suppose  all  the  cells  of  the 
prison  to  be  connected  by  telephone.  We  must  furthermore  provide 
towers,  with  walls  that  are  thinner  and  of  flexible  material.  Now,  if  an 
alarm  is  given,  all  the  prisoners  being  apprised  at  once,  or  nearly  so,  act 
in  concert.  The  spectator  on  the  outside  sees  no  movement  in  the  thick- 
walled  part  of  the  structtrre,  but  he  sees  the  towers  sway.  We  must 
further  suppose  that  the  men  in  the  thick- walled  cells,  finding  their  efforts 
are  useless,  no  longer  make  any  response  when  the  alarm  is  given,  while 
those  in  the  thin-walled  cells,  finding  their  efforts  rewarded,  become  con- 
stantly more  active  and  learn  how  to  combine  their  efforts  for  greater 
efficiency. 

The  application  to  the  plant  is  obvious.  Although  the  force  which  a 
plant  can  exert  amounts  to  several  atmospheres,  it  is  only  in  the  young 
tender  portions,  usually  at  the  ends  of  the  branches  of  the  stem  and  root, 
that  this  force  can  be  successfully  applied  to  secure  movement  of  the  whole 
organ.  It  therefore  comes  about  that  movement  in  plants  is  oftenest  as- 
sociated with  growth.  This  arrangement  permits  each  root  tip  and  grow- 
ing stem  to  have  its  own  kind  and  degree  of  sensitiveness.  Thus  we  find 
by  experiment  that  while  the  first  root  which  starts  from  a  seed,  the  tap 
root,  is  sensitive  to  gravity  in  such  a  way  that  it  places  itself  parallel  to 
to  the  direction  of  the  impinging  force  and  points  directly  downward,  the 
secondary  roots,  which  branch  from  it,  are  sensitive  after  a  different  fashion, 
and  instead  of  growing  parallel  to  the  force,  grow  at  an  angle  to  it,  the 
exact  angle  being  different  for  different  kinds  of  plants.  The  tertiary  roots, 
or  next  set  of  branches,  are  usually  very  little  sensitive  to  gravity,  or  if 
they  are  sensitive  they  assume  a  nearly  horizontal  position.  The  stems 
react  in  a  similar  way,  except  that  the  general  direction  is  upward  instead 
of  downward,  and  in  consecjuence  of  the  diversity  of  sensitiveness  of  the 
primary  and  secondary  shoots,  the  branches  are  spread  out  to  the  air  and 
light,  imparting  to  each  species  of  the  tree  and  herb  its  characteristic  ap- 
pearance. 

But  if  there  is  no  nerve-like  communication  between  one  root  tip  and 
another,  or  between  one  stem  end  and  another,  there  is  sometimes  a  dis- 
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tinct  transmission  of  impnlse  from  the  cells  receiving  the  stimulation  to 
the  cells  a  short  distance  away  where  the  movement  is  consummated. 
Thus,  in  the  tip  of  the  primary  root  Darwin  found  that  only  the  cells  at 
the  very  tip  were  sensitive.  If  so  small  a  piece  as  the  twentieth  of  an  inch 
be  removed  from  the  end  of  the  root  by  cutting  or  burning,  all  power  of 
movement  is  lost.  This  remarkable  localization  has  been  denied  by  Sachs 
and  Detlefsen,  who  characterize  Darwin's  claim  as  sensational,  but  the  fact 
has  quite  recently  been  fully  verified  by  Wiesner,  who  finds  that  if  the 
roof  is  weakly  sensitive,  the  seat  of  irritability  cAncides  with  the  zone  of 
most  rapid  growth,  but  if  highly  sensitive,  it  will  be  at  a  distance. 

To  sum  up  the  characteristics  of  the  gravity  sense:  It  is  localized  in  or 
near  the  ends  of  growing  roots,  stems  and  other  organs  of  the  plant;  it  is 
developed  in  varying  strength  in  difierent  organs ;  it  sets  up  movement  of 
the  organ  in  response  to  stimulation ;  the  direction  of  movement  will  de- 
pend upon  the  specific  kind  of  sensibility  acquired  by  that  organ;  the 
direction  of  the  movement  will  always  bear  some  definite  relation  to  the 
vertical  without  regard  to  the  position  of  the  plant. 

But,  what  other  senses  have  plants  ?  Next  to  a  proper  position,  most 
plants  need  a  suitable  exposure  to  light.  I  shall  not  attempt  to  show  the 
numerous  and  wonderful  ways  in  which  plants  respond  to  light.  Every- 
one knows  how  plants  lighted  from  one  side,  as  when  placed  before  a 
window,  bend  toward  the  light.  This  is  a  true  sensitiveness,  for  it  results 
in  bringing  about  definite  movement.  It  is  not,  however,  at  all  like  see- 
ing, for  it  will  be  noticed  that  it  is  not  the  amount  of  light,  but  the  direc- 
tion of  light  to  which  the  organs  respond.  The  stems  place  themselves 
parallel  to  the  direction  of  the  incident  rays — that  is,  point  toward  the 
window,  while  the  leaves  place  themselves  at  right  angles  to  the  direction 
of  the  light — that  is,  with  their  upper  surfaces  to  the  window.  Leaves 
and  stems,  therefore,  show  a  sensitiveness  characteristic  of  each.  Some 
stems,  however,  like  those  of  the  Virginia  creeper,  turn  away  from  the 
light,  enabling  them  to  cling  to  dark  walls.  Roots,  which  are  generally 
buried  in  the  soil,  rarely  exhibit  sensitiveness  to  light,  and  when  they  do, 
it  is  usually  to  turn  from  it.  If  light  comes  to  the  organ  from  two  direc- 
tions, it  will  bend  toward  the  source  of  the  stronger  light,  and  differences 
which  will  affect  the  plant  are  far  more  minute  than  can  be  detected  by 
the  eye. 

As  in  the  case  of  roots,  certain  stems  place  themselves,  not  parallel  with 
the  direction  of  the  light,  but  at  some  particular  angle  to  it,  in  accordance 
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with  some  inherent  necessity.  Not  as  many  parts  of  the  plant,  as  a  rule, 
are  sensitive  to  light  as  to  gravitation,  but  the  degree  of  development  of 
the  sense  is  often  greater. 

Some  plants  also  show  a  sensitiveness  to  moisture,  especially  in  their 
roots,  causing  them  to  bend  toward  or  away  from  the  moist  surface.  Cer- 
tain molds  are  remarkably  sensitive  in  this  way.  Errara  ]  presented  a  paper 
before  the  British  Association,  last  year,  in  which  he  gave  the  results  of 
his  experiments  with  Phycomyces  niitm^  a  tall* growing  mold.  It  proved  to 
be  so  sensitive  that  the  experimenter  was  enabled  to  detect  the  hygroscopic 
character  of  certain  substances  not  before  known  to  be  in  the  least  degree 
hygroscopic.  Thus  it  bent  toward  alum,  and  careful  physical  tests  showed 
that  alum  was  truly  hygroscopic  to  a  minute  degree,  although  the  prop- 
erty had  never  before  been  ascribed  to  it. 

Certain  plants  are  also  sensitive  to  heat.  Here,  again,  it  is  the  direction 
of  the  radient  energy,  rather  than  the  amount,  to  which  they  respond. 
In  my  own  laboratory,  experiments  have  shown  that  young  plants  of  corn 
will  bend  toward  the  source  of  heat,  which  in  this  case  was  a  lamp  placed 
behind  a  screen  of  blackened  tin,  while  beans  bent  away  from  it. 

But  probably  the  most  varied  and  wonderful  of  all  the  plant  senses  is 
the  sensitiveness  to  contact.  In  the  animal  the  somewhat  similar  sense 
of  touch  is  more  dififused  over  the  body,  and  takes  on  more  variety  than 
any  of  the  other  senses,  and  in  plants  it  has  even  greater  diversity  than 
in  animals.  In  the  tendrils  of  certain  plants,  notably  in  the  passion  vine 
{Fassiflora  cnTnlea)  "this  sensitiveness  is  often  exquisitely  fine,  indeed,  it 
seems  more  delicate  than  the  tactile  sense  of  animals.''  Unlike  the  other 
plant  senses,  it  has  risen  above  the  necessity  of  being  confine<l  to  young, 
growing  parts,  and  sometimes  resides  in  special  organs,  as  in  the  cushions 
on  the  leaves  of  the  sensitive  plant,  by  which  they  are  able  to  suddenly 
shut  up  tightly  when  touched,  or  in  the  prehensile-like  tentacles  of  the 
leaves  of  sundew,  which  shut  over  and  catch  a  live  insect  and  secure  it  for 
digestion  by  the  plant. 

Plants  are  thus  seen  to  react  sensitively  to  gravity,  light,  moisture,  beat 
and  contact.  Each  is  a  special  kind  of  sensitiveness,  having  its  own 
method  of  reaction.  Two  or  more  kinds  of  sensitiveness  may  reside  in 
the  same  organ,  when  its  position  will  be  a  resultant  of  the  several  forces. 
There  are,  cansequently,  no  exclusive  organs  of  sense,  although  there 
is  more  or  less  localization  in  certain  parts;  and  there  are  no  nerves, 
although  the  motor  impulse  may  be  transmitted  some  distance,  even  as 
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far  as  twenty  inches  or  more  in  very  vigorous  sensitive  plants,  that  is,  in 
Mimosa. 

To  complete  the  comparison  I  should  say  there  are  no  muscles  in  plants, 
although  they  execute  movements  of  very  considerable  amplitude.  The 
real  mechanism  by  which  the  movements  are  accomplished,  is  not  well 
understood.  There  is  agreement,  however,  in  assuming  it  to  be  due  to  the 
movement  of  water.  Herbs,  and  the  soft  parts  of  all  plants  are  kept  dis 
tended  and  firm  by  Internal  water  pressure,  just  as  a  rubber  bag  would  be 
filled  and  made  tense  if  tied  to  an  open  faucet  of  the  city  water  works. 
Each  cell  acts  like  a  separate  distended  bag.  By  stimulation  the  water  is 
made  to  flow  from  the  various  cells  in  one  side  of  the  organ  into  the  empty 
spaces  surrounding  the  same  and  contiguous  cells;  the  pressure  is  released 
on  one  side  and  the  organ  bends  over  in  that  direction.  But  this  process 
is  much  complicated  by  growth,  and  other  conditions  too  recondite  to  be 
explained  here. 

There  are  some  peculiarities  of  plant  senses  which  need  special  empha- 
sis. All  the  senses,  except  that  of  contact,  have  for  their  end  the  adjust- 
ment of  the  plant  as  a  whole,  and  of  each  of  its  organs,  in  a  suitable  posi-  # 
tion  for  best  development.  The  contact  sense  has  been  more  variedly  de- 
veloped, aiding  the  plant  to  climb,  to  catch  insects  for  food,  and  if  we  are 
to  accept  Darwin's  suggestion,  to  enable  the  sensitive  plant  in  particular 
to  escape  the  injury  of  hail  storms.  All  the  movements  are  very  slow, 
except  a  few  like  the  insect* catching  and  hail-avoiding  movements,  and 
their  wonderful  diversity  and  extent  are  only  realized  by  instituting  care- 
fully devised  experiments,  and  the  use  of  delicate  instruments. 

It  is  also  to  be  noted  that  the  same  organ  always  responds  to  the  same 
stimulus  with  the  same  corresponding  movement.  If,  for  instance,  the 
light  strikes  a  shoot  from  the  east,  it  bends  toward  the  east,  if  possessed  of 
positive  direct  irritability.  There  is  no  opportunity  for  choice.  The  plant 
secures  a  diversity  of  movement  by  having  each  set  of  organs  endowed 
with  their  own  specific  form  of  irritability.  As  there  is  no  choice  in  the 
character  of  the  response,  so  there  can  be  no  volition,  and  consequently  no 
mental  activity,  no  psychic  life,  even  of  ever  so  humble  and  rudimentary 
nature. 

This  brings  us  back  to  our  starting  point.  When  we  trace  the  develop- 
ment of  irritability  as  a  universal  property  of  protoplasm  into  its  various 
phases  of  sensibility,  and  mental  activity,  the  first  and  fundamental  divi- 
sion of  organic  life  is  into  fixed  and  motile  organisms,  without  regard  to 
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its  animal  and  vegetal  nature.  To  the  motile  forme  belongs  a  psychic  or 
mental  character,  whether  they  be  animals  or  plantB.  A  most  interesting 
exposition  of  the  psychic  development  attained  by  motile  plants,  like  the 
pandorina,  vol  vox,  and  other  small  (essentially  microscopic)  forms,  com- 
paring them  with  animals  of  a  similar  degree  of  complexity,  is  given  in 
Binet's  work  on  the  psychic  life  of  micro-organisms,  a  work  withoat  sen- 
sational features,  and  with  many  suggestive  and  interesting  statements. 
But  fixed  plants  have  no  psychic  life ;  their  sensibility  does  not  rise  above 
that  of  specific  irritability,  although  often  attaining  a  marvelous  develop- 
ment. Aristotle's  notion,  which  is  still  too  prevalent,  of  an  ascending 
complexity  in  vital  phenomena  from  plants  to  man,  should  be  wholly 
abandoned.  The  only  way  of  viewing  nature,  to  secure  proper  interpre- 
tation, is  that  of  two  parallel  lines  of  development,  one  through  motile 
forms,  and  the  other  through  fixed  forms.  Each  line  of  development  has 
worked  out  peculiarities  of  its  own— in  fact,  there  is  little  agreement.  If 
the  special  senses  of  man  and  the  higher  animals  show  wonderful  adapta- 
tions, the  special  senses  of  plants,  although  very  dissimilar,  will,  when 
.  well  known,  appear  quite  as  remarkable. 

The  observation  of  Sachs,  the  venerable  professor  at  Wurtzbnrg,  and  one 
of  the  most  far-seeing  of  physiological  botanists,  is  particularly  pertinent  in 
this  connection.  "  We  have  no  necessity,*'  he  says,  "to  refer  to  the  physiol- 
ogy of  nerves  in  order  to  obtain  greater  clearness  as  to  the  phenomena  of 
irritability  in  plants ;  it  will,  perhaps,  on  the  contrary,  eventually  result  that 
we  shall  obtain  from  the  process  of  irritability  in  plants  data  for  the  ex- 
planation of  the  physiology  of  nerves,  and  this,  although  it  is  as  yet  a 
distant  hope,  gives  a  special  attraction  to  the  study  of  the  irritable  phe- 
nomena of  plants."  The  attitude  of  botany  as  a  science  in  its  historical 
development  toward  plants  as  objects  of  study,  has  been  most  happily 
characterized  by  Professor  Patrick  Geddes,  of  the  University  College, 
Dundee,  whose  words  I  shall  use  in  my  closing  remarks :  '*  To  the  dawn- 
ing intelligence  of  the  race,  the  forest  is  vaguely  astir  with  a  life  which 
man  does  not  clearly  separate  from  his  own— a  mystery  of  growth  which 
has  left  its  mark  deep  in  the  history  of  all  religions.  A  later  and  more 
self-conscious  mind  molds  this  omnipresent  life  into  anthropomorphic 
shapes ;  so  a  Dryad  hides  in  every  tree,  while  Pan  roams  through  the 
glade.  These  anthropomorphic  shapes  are  next  formalized  away  from  the 
living  realities  they  symbolize ;  they  become  mere  shadowy  gods,  then 
fairies  and  fables.    The  tree  (or  what  remains  of  it)  is  now  something 
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economically  useful ;  it  has  also  a  popular  and  a  systematic  name ;  but  to 
utilitarian  and  Linna^an  alike,  the  form  and  substance  seems  the  main 
thing,  not  the  life.  *  Great  Pan  is  dead,'  the  botanist  is  as  prosaic  and  un- 
seeing as  the  woodcutter,  in  fact,  essentially  is  one;  at  best  with  finer  tools, 
and  like  him  does  his  best  work  away  from  the  wild  wood  altogether. 
But  as  the  ages  of  fetishism,  of  Hellenic  anthropomorphism  passed  away, 
so  now  the  formal  and  utilitarian  and  analytic  spirit  is  passing  also  in  its 
turn.  Science  is  entering  a  new  and  brighter  Hellas;  the  Dryad,  living 
and  breathing,  moving  and  sensitive  is  again  within  her  tree ;  nay,  better, 
the  plant  is  herself  the  living  Dryad,  her  beauty  radiant  in  the  sun." 
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On  tiik  indlratiox  of  certain  tertiary  rocks  in  northeastern  Arkan- 
sas. By  R.  ELLs^voRTJl  Call 
In  northeastern  Arkansas,  west  of  the  St.  Francis  river,  stretching  from 
the  Missouri  line  to  the  Mississippi  river  at  Helena,  is  Crowley's  Ridge, 
the  on}y  pronounced  topographic  feature  in  the  region.  The  width  of 
this  particular  ridge  varies  from  six  or  seven  miles  to  a  half  mile,  the 
northern  portion  being  the  widest.  The  general  geological  features  of 
Crowley's  Ridge  have  been  elsewhere  given*  and  need  not  be  rehearsed  at 
this  time.  It  will  be  sufficient  to  say  that  the  ridge  is  the  remains  of  a 
plateau  to  the  westward  of  which  once  flowed  the  Mississippi  river  which 
cut  out  the  great  valley  now  occupied  by  the  White  and  Black  rivers  and 
other  streams  of  the  region.  Later  its  channel  was  changed  to  the  east- 
ward by  the  penetration  of  the  previous  barrier  near  Cape  Girardeau,  in 
Missouri ;  it  still  occupies  a  portion  of  that  ancient  valley  across  which  it 
has  several  times  shifted  its  course.  It  has  resulted  from  these  great 
changes  that  the  eastern  valley  has  been  dug  deeper  and  wider  than  was 
the  ancient  channel  on  the  west.  Crowley's  Ridge,  therefore,  stands  as  a 
residual  product  of  erosion. 


^Vide  Geological  Survey  of  Arkansas,  report  for  1889,  Vol.  II,  "The  Geology  of  Crow- 
ley'a  Ridge,"  by  R.  Ellsworth  Call. 
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The  investigation  of  the  ridge,  which  was  undertaken  under  the  direc- 
tion of  the  Arkansas  geological  survey,  revealed  its  general  geological 
structure  to  he  ahout  as  follows :  The  top  of  the  ridge  is,  in  portions  of  its 
extent,  capped  with  pleistocene  deposits  of  relatively  both  early  and  late 
epochs.  The  newest  deposit  of  value  is  the  loess  which  caps  or  lines  the 
highest  portions  of  the  ridge ;  this  material  shows  a  bi-partite  character 
which  is  believed  to  be  connected  with  at  least  two  glacial  epochs  the 
facts  concerning  which  have  been  collated  and  discussed  by  Messrs. 
Chamberlain  and  Salisbury  in  several  papers  in  the  geological  journals. 
Below  this  material,  where  it  crowns  the  ridge,  is  a  heavy  deposit  of  a 
cherty  gravel,  much  ferruginized,  water-worn,  not  well  assorted,  and  of 
varying  thickness.  This  is  elsewhere  shown  to  be  of  tertiary-  age.  Be- 
low this  member  is  a  great  thickness  of  tertiary  sands,  usually  non-in- 
durated and  soft,  yielding  readily  to  erosive  action.  The  lowest  member 
disclosed  to  the  observer  is  made  up  of  alternating  pure  and  sandy  clays, 
with  much  lignite  in  masses  or  disposed  in  great  beds  often  many  feet  in 
thickness.  Towards  the  base  of  the  exposed  clays  many  localities  have 
yielded  large  numbers  of  fossil  leaves  which  determine  the  age  of  the 
clays  as  early  eocene.  Added  to  their  evidence  is  that  furnished  by  the 
rather  rare  localities  where  fossil  shells  have  been  found.  These  are  all 
marine  and  are  nnequivocally  eocene.  At  numerous  localities  in  the 
northern  half  of  the  ridge  the  gravel  member  alone  forms  the  jiigbest 
points  of  the  hills  tlie  loess,  if  it  ever  existed  there,  having  been  en- 
tirely eroded  away.  The  gravels  often  have  small  masses  of  a  very  com- 
pact and  fine  grained  quartzitc  and  much  rarer  large  masses  often  weigh- 
ing several  hundred  pounds.  These  increase  in  frequency  along  the  west 
side  of  the  ridge  until  near  the  Missouri  line,  some  twenty-fiv^  miles 
south  of  it,  where  they  no  longer  appear.  They  are  usually  quite  white 
in  color  but  in  the  gravels  the  smaller  ones  seem  to  have  acquired  the 
characteristic  ferruginization  of  the  gravels  of  the  orange  sand. 

It  happened  that  one  of  the  problems  connected  with  these  nodular  or 
pebbly  quartzites  related  to  their  origin.  They  presented  nothing  in  com- 
mon with  such  quartzites  as  are  familiar  to  all  students  of  the  northern 
drift  and  were  to  be  in  no  way  connected  therewith.  It  was  noticed  that 
they  became  more  and  more  abundant  as  progress  was  made  towards  the 
northern  portions  of  the  ridge,  but  this  fact  only  added  another  phase  to  the 
riddle  to  be  solved.  J)r.  1>.  D.  Owen,  whose  ^^eological  work  needs  no  in- 
troduction or  word  of  commendation  to  an  Indiana  scientist,  had  years 
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before  oar  visit  made  some  hasty  examinations  of  this  portion  of  Crow- 
ley's Ridge.    On  pages  28-29  of  his  report  on  bis  work  in  this  section  he 
called  attention  to*  a  low  ''range  of  quartzose  sandstone"  which  had 
''all  the  lithological  characters  of  the  Potsdam  *  *  *,  as  it  occurs  on  the 
Minnesota  and  Wisconsin  rivers  in  the  northwest."    Two  localities  had 
been  noticed  by  him  both  of  which  were  in  Craighead  county.    The  refer- 
ence  of  these  rocks  to  the  Potsdam  or  to  any  part  of  the  paleozoic  made 
the  locality  one  of  great  interest,  occurring,  as  it  does,  in  the  heart  of  a 
region  of  pleistocene  soils  underlain  by  rocks  known  to  be  of  tertiary  age. 
There  was  a  peculiar  satisfaction  when  Mr.  William  Lane  piloted  me  to 
the  very  spot  where,  forty  years  before,  he  had  piloted  Dr.  Owens  and 
placed  me  on  the  pinnacle  of  the  very  rock  from  which  that  eminent  geol- 
ogist had  looked  over  the  heavily  forested  valley  of  the  Cache.    It  is  not 
surprising  that  these  rocks  were  with  some  hesitation  referred  by  Owen  to 
the  Potsdam.    They  present  every  characteristic  of  the  Potsdam  of  north- 
em  New  York  except  that  they  are  entirely  devoid  of  fossils,  or  at  least 
this  locality  yielded  none.    His  reference  was  plainly  made  from  lithol- 
ogic  characters  and  though  wrongly  made  was  excusable  for  his  time. 
This  particular  locality  is  at  the  foot  of  a  high  spur  of  the  ridge  forty  feet 
or  more  above  the  Cache  bottoms.    The  hills  are  high  and  are  crowned 
with  heavy  beds  of  gravel  which,  in  turn,  are  overlain  by  a  thin  sandy 
and  gravelly  soil  supporting  a  strong  growth  of  the  common  short  leaved 
pine  (Pinus  mitis)  and  much  scrub  oak.    At  this  point  the  quartzose  bed  is 
a  huge  mass  of  very  hard  rock,  ringing  like  clinkstone  when  struck  with 
the  hammer,  having  its  sand  grains  and  the  few  accompanying  pebbles 
well  waterworn  and  exhibiting  the  characteristic  structural  features  of 
sandstones  deposited  in  swiftly  running  waters  or  tide  swept  shallows. 
The  dip  that  appeared  so  patent  to  Owen  developed  into  simply  planes 
made  by  false  bedding.    A  few  hundred  feet  north  of  the  roadway  across 
which  this  mass  of  rock  extends,  in  a  deep  ravine  in  which  the  rock  is  ex- 
posed to  excellent  advantage,  the  sandstone  outcrops  as  a  series  of  ledj^es 
from  near  the  level  of  the  bottoms  to  a  point  two-thirds  of  the  way  up  the 
hill,  thus  showing  a  thickness  of  fully  ninety  feet.    The  several  starta  are 
from  five  inches  to  five  oi  more  feet  in  thickness  and  are  nearly  or  quite 
horizontal.    The  total  exposure  of  the  rocks  in  this  locality  is  about  half 
a  mile  in  length.    At  this  point  the  underlying  strata  could  not  be  seen 


'^First  annual  report  of  a  pcologlcal  reconnoissance  of  the  northern  connties  of  Ar- 
kansas.   Pp.  28-2^1. 
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but  a  section  beneath  non-indurated  sandstones  of  the  same  age  exposed 
on  a  small  stream  about  three  miles  south  of  this  locality  discloses  the 
horizontally  stratified  clays  of  the  tertiary.  From  Lane's  to  the  south- 
ernmost part  of  the  county  where  the  outcrops  cease  two  or  three  less  im- 
portant exposures  occur. 

Several  other  outcrops  are  to  be  found  in  Crowley's  Bidge  but  with  one 
or  two  exceptions,  they  are  all  on  the  west  face  of  the  ridge.    The  most 
important  are  all  in  Greene  county  and  all  present  practically  the  same 
characters  and  vertical  distribution.    The  northernmost  exposure  is  in  R. 
19  N.y  6  E.,  section  19,  where  they  appear  for  the  last  time  as  indurated 
sandstone.    They  here  outcrop  in  and  extend  across  the  road  and  disap- 
pear to  the  west  in  a  low  hill  which  rises  a  few  feet  above  the  Cache 
bottoms.    To  the  east  the  outcrop  extends  for  several  hundred  feet  into 
the  ridge,  as  traced  in  a  deep  ravine,  where  it  is  surmounted  by  a  two  foot 
layer  of  exceedingly  hard,  fine-grained,  flint-like  sandstone.    The  highest 
point  above  the  valley  which  is  crowned  by  these  rocks  has  a  barometric 
elevation  of  about  one  hundred  and  fifty  feet  above  the  lowermost  rocks 
and  these  are  in  turn  some  forty  feet  above  the  valley.    In  but  one  local- 
ity on  the  west  side  did  fossil  plants  or  fossils  of  any  sort  occur  in  this 
sandstone.    This  was  in  17  N.,  4  E.,  in  section  10,  where  after  a  long  and 
ditficult  search  a  small  fragment  of  a  plant  was  found  deeply  imbedded  in 
the  very  hardest  rock  which  here  caps  the  hills.    It  possessed  very  little- 
structure  but  it  was  quite  sufiicient  to  determine  the  rocks  to  be  of  terti- 
ary age.    However,  the  form  was  not  sufficiently  well  preserved  to  tell  us 
exactly  to  what  part  of  the  tertiary  the  rock  belonged  but  the  evidence 
which  was  wanting  here  was  later  supplied  a  little  further  on.    We  now 
had  the  neeetisary  clew  and  now  the  work  of  unravelling  the  mystery  of 
the  ridge  was  play !    To  make  a  long  8tor>'  very  short  these  sandstones  of 
supposed  paleozoic  age,  standing  isolated  in  the  midst  of  tertiary  rocks 
through  which  they  boldly  protruded  their  w^aterworn  and  time  be- 
grimmed  tops  were  found  to  be  themselves  tertiary  and  to  share  in  the 
common  history  of  the  region. 

A  secondary  problem  now  concerned  the  process  or  cause  of  induration ; 
a  proccHS  which  had  been  so  complete  and  left  so  little  traces  that  a  score 
or  more  geologists  had  been  puzzled  into  determining  these  rocks  as  of 
paleozoic  age.    So  to  this  task  were  the  succeeding  investigations  directed. 

All  of  the  outcrops  of  quartzitic  flandstone  occur  in  about  the  same  ver- 
tical position  in  the  hills.    They  are  to  be  foun<l  as  spurs,  extending  in 
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various  directions  from  the  main  axis  of  the  ridge,  or  at  the  heads  of 
ravines.  They  may  extend  from  the  bottom  of  the  hills  to  near  their  top, 
or  they  may  form  a  layer  of  only  a  few  feet  in  thickness  at  the  very  top. 
In  every  case  the  outcrops  are  found  to  be  surmounted  with  a  series  of 
very  hard  layers  which  are  usually  from  one  to  three  feet  in  thickness.  In 
several  places  they  pass  into  the  soft  sands  beneath  and  these  in  turn  give 
way  to  the  ordinary  tertiary  clays  still  further  down.  In  nearly  every 
case  the  rocks  weather  greenish  and  are  irregularly  stratified.  In  one  lo- 
cality, near  Hardy's  Mill,  in  Greene  county,  occurred  numerous  fossil 
leaves  among  which  there  have  been  determined  Magnolia  and  Kalmia 
leaves ;  the  entire  absence  of  beech,  chestnut  and  hornbeam  leaves  among 
those  found  indicate  the  base  of  the  tertiary  rather  than  any  portion  of 
the  tertiary  above  the  eocene.  This  is  the  position  in  the  geological 
column  assigned  these  forms  by  Professor  L.  W.  Ward,  who  studied  the 
materials  collected  by  the  writer. 

The  result  of  the  studies  made  on  these  irregular  deposits,  occurring 
with  such  extreme  irregularity  in  the  ridge  and  of  such  peculiar  hard- 
ness, stated  in  brief,  was  that  they  were  metamorphosed  sandstones.  The 
compact  character  of  the  qnartzites,  their  glassy  surface  on  fracture,  which 
is  remarkably  conchoidal,  might  lead  one  to  imagine  dynamical  disturb- 
ances of  marked  nature.  But  there  are  no  attendant  facts  such  as  contin- 
uity or  great  extent  of  surface.  They  are  exhibited  in  localities  some  dis- 
tance removed  from  each  other  and  with  no  connecting  deposits  that  show 
any  metamorphic  characters.  But  that  they  have  become  indurated  on 
exposure,  here  and  there,  and  constitute  immense  quartzite  blocks,  often 
acres  in  extent,  was  evident.  At  a  locality  known  as  Lovelady's,  on  Beech 
creek,  in  Greene  county,  there  are  several  exposures  that  are  quite  hard 
on  the  surface  but  are  softer  within,  finally  yielding  to  moderate  pressure 
to  say  nothing  of  blows.  From  this  point  to  that  of  greatest  induration  is 
but  a  few  hundred  yards ;  it  was  hence  concluded  that  the  metamorphic 
processes  were  still  in  vogue  and  these  most  certainly  were  not  dynamical 
in  character.  In  Brazil,  Dr.  J.  C.  Branner  has  observed  similar  facts  of 
metamorphosis,*  and  these  corroborate  the  view  here  suggested  of  meta- 
morphism  through  weathering  processes.  Where  longer  weathering  has 
obtained  the  masses  are  often  rounded  as  if  water  worn,  but  in  the  great 
number  of  exposures  this  feature  is  scarcely  apparent. 

^Traosactions  Am.  Pbll.  Soc,  1889,  XVI.,  pp.  419^20. 
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Summing  ap  the  facts,  then,  in  few  words  these  rocks  are  of  limited  oc- 
currence, covering  a  few  hundred  acres  all  told ;  they  are  found  at  rather 
low  elevations  in  the  hills  though  they  sometimes  occur  as  far  as  the  very 
tops  of  the  highest  points  in  the  ridge  country;  they  have  yielded  foesils 
of  lower  or  eocene  tertiary  age ;  they  have  probably  resulted  from  weath- 
ering  processes ;  are  metamorphic  in  character ;  and  have  no  history  of 
dynamic  origin  or  of  present  or  past  dynamic  change.  Their  former  ref- 
erence to  the  paleozoic  is  no  longer  tenable  and  they  stand  as  a  unique 
instance  of  the  induration  of  soft  sandstones  in  the  southwest. 

The  sketch  map  accompanying  gives  that  portion  of  Crowley's  Ridge  in 
which  indurated  sandstones  have  been  found.  It  will  serve  to  indicate 
the  relations  of  the  ridge  to  the  low-lying  country  surrounding  as  well  as 
helping  to  make  clear  the  geographic  distribution  of  the  quartzites. 


The  white  clays  of  Indiana.    By  Amos  W.  BrxLER.    Published  in  the 
Trans,  of  the  Ind.  Horticultural  Soc.  for  1893. 


BIOIiOQT. 

On  THE  HABITS  OF  TURTLES.    By  A.  W.  Butler. 

[Abktkact.] 
In  the  White  Water  valley  the  soft-shelled  turtles  are  never  found  act- 
ive in  winter.  They  seem  to  seek  the  deepest  water  and  then  bury  be- 
neath the  surface  of  the  mud  or  sand.  They  disappear  earlier  in  the  fall 
and  reappear  later  in  the  spring  than  the  hard  shelled  forms.  They  rarely 
appear  before  April  loth,  and  sometimes  not  until  about  May  1st.  In  the 
canal  none  have  ever  been  found  in  winter.  Possibly  they  seek  the  deeper 
water.  The  hard-shelled  turtles  winter  in  the  more  shallow  water,  and 
seem  to  prefer  a  mud  bank  where  a  musk  rat  hole  has  caved  in.  There 
they  may  be  found  by  prodding  with  an  iron  rod. 


On  the  o(  (  urrence  of  kirtland's  warijler  {Dendroica  kirtlandi  Baird)  in 
Indiana.     By  A.  B.  Ulrey. 
Owing  to  the  rare  occurrence  of  Kirtland^s  Warbler  in  North  America 
and  the  fact  that  its  life-history  is  almost  entirely  unknown,  considerable 
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interest  attaches  to  the  presence  of  the* bird  in  Indiana.  At  the  time  of 
publication  of  their  "Historj-  of  North  American  Birds*'  in  1874,  Baird, 
Brewer  and  Ridgway  gave  the  locality  as  the  eastern  provinces  of  the 
United  States  and  the  Bahamas.  *^  It  must  be  considered  "  they  state  ''as 
one  of  the  rarest  of  American  birds.  Kirtland's  Warbler  is  so  far 
known  by  only  a  few  rare  specimens  as  a  bird  of  North  America  and  its 
biography  is  utterly  unknown."  Three  specimens  are  then  recorded  as 
taken,  two  from  Cleveland,  ( ).,  and  one  at  sea  between  the  islands  of 
Abasco  and  Cuba. 

Dr.  Elliott  Coues  in  his  "Key  to  the  Birds  of  North  America'*  pub- 
lished in  '84  gives  the  locality  as  "  Eastern  United  States."  Of  its  occur- 
rence he  states  that  it  is  "  the  rarest  of  the  Warblers ;  only  about  a  dozen 
specimens  known  thus  far." 

Its  habitat  is  given  as  "  Cuba"  by  Ridgway  in  his  "  Manual  of  the  Birds 
of  North  America  "  published  in  1887. 

Because  of  its  occurrence  in  the  adjoining  states,  Ohio  and  Michigan, 
Mr.  A.  W.  Butler  in  his  "  Catalogue  of  the  Birds  of  Indiana"  places  Kirt- 
land's  Warbler  in  his  hypothetical  list. 

There  is  no  record,  so  far  as  X  can  learn,  of  its  occurrence  in  Indiana 
other  than  the  present  one.  The  bird  is  known  to  me  only  by  a  single 
specimen  that  was  taken  May  4th,  '93  and  handed  to  me  the  following 
summer  for  identification.  It  proved  to  be  the  rare  D,  kirtlandi.  The  skin 
is  now  in  the  collection  of  Mr.  W.  0.  Wallace,  Wabash,  Ind.,  who  took 
the  bird  near  his  home.  Concerning  it  habits,  he  says :  "  I  took  it  in  a 
thicket.  It  was  by  itself,  there  being  no  other  birds  in  the  tkicket.  It 
seemed  to  be  an  active  fly  catcher,  not  having  the  motiops  of  the  other 
Dendroica,  being  less  active.  It  would  dart  off  after  an  insect  and  then  re- 
turn to  the  same  perch." 


The  (iKOMRArHic  and  hypsometric  distribition  of  North  American   vi- 

VIIARID.K.       By  R.  f^LLSWORTH  CaLL. 

[Ahstkact.] 

There  are  four  genera  of  this  family  in  American  waters  and  these  ex- 
hibit a  varying  number  of  species.  The  paper  recognizes  Campeloma,  Vi- 
vipara,  Lioplax  and  Tulotoma.    There  is  given  the  general  range  of  each 
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form  in  the  various  drainage  systems ;  but  little  attention  is  paid  to  mat- 
ters of  synonymy,  for  these  have  been  elsewhere  treated.  The  main  facts 
in  geographic  distribution  are  presented  in  compact  form  and  then  farther 
illustrated  by  a  map  of  distribution  in  which  the  extreme  limits  of  range 
are  shown. 

The  hypsometric  facts  are  separately  presented ;  the  altitudes  of  various 
of  the  forms  are  given  on  the  authority  of  the  '^  Dictionary  of  Elevations" 
published  by  the  U.  S.  G.  S.  The  several  ranges  are  compared  and  the 
facts  are  then  generalized  for  the  species  of  each  group.  Attention  is 
called  to  the  extremely  limited  range,  both  geographically  and  hypsomet- 
rically,  of  the  genus  Tulotoma. 

This  paper  may  be  found  in  full  in  the  American  Journal  of  Science  for 
August,  1894. 


On  .soMESorTH  American  characinid.e.     By  A.  B.  Ulrey. 

[Abstract.] 
A  study  of  the  Characinidae  collected  by  Charles  Frederic  Hart  in  Brazil 
shows  that  he  found  47  species,  seven  of  which  are  new.  Four  of  the  new 
species  belong  to  the  genus  TetragonopUrvMj  one  to  Mylmnus  and  two  to 
Aphyocarax,  Descriptions  of  the  new  species  will  be  published  in  the 
annals  of  the  New  York  Academy  of  Science,  together  with  notes  on  the 
specimens  examined  and  analyses  of  the  species  of  Cfieirodwiy  Aphyocaratc, 
and  Teiragonapienis, 


The  effect  of  environment  on  the  mass  of  local  si'ecies.    By  Carl  H. 

ElGENMANN. 

Nearly  every  family  of  fishes  represented  on  the  Pacific  slope  of  North 
America  has  one  or  more  of  its  representatives  modified  in  a  certain  di- 
rection as  compared  with  its  Atlantic  slope  relatives.  The  modification 
consists  in  the  increase  of  the  number  of  rays  of  one  or  more  of  the  fins 
or  in  the  modification  of  some  of  the  rays  into  spines. 

In  mpst  families  the  differences  between  the  Atlantic  and  the  Pacific 
slope  representatives  are  just  perceptible,  and,  were  it  not  for  the  concen- 
sus of  differences  in  all  groups  would  stand  for  nothing. 


237 

The  most  marked  difference  is  found  in  those  fishes  which  have  been 
separated  from  their  Atlantic  slope  relatives  long  enough  to  become  gen- 
erically  distinct.  In  several  genera,  Meda,  Lepidoiruala,  Richardsoniiis  (sub- 
gen.)  Columbia  ihe  modifications  of  the  fins  mark  the  genus. 

The  more  striking  modifications  are  the  following : 

In  the  sub-genus  RichardsonUi^,  confined  to  the  Columbia  and  to  the 
Fraser  systems,  the  number  of  anal  rays  varies  from  1^  to  25,  which  is  an 
increase  of  from  2  to  15  rays  over  the  species  of  Leuciscus,  some  of  which 
have  also  (more  recently)  entered  the  head  waters  of  the  Columbia  but 
the  great  bulk  of  whose  species  inhabit  the  Atlantic  slope. 

The  genus  of  Oncorhynchus  confined  to  the  Pacific  slope  has  a  similar  in- 
crease of  anal  rays  over  Salmo  and  Salvelinus  which  are  genera  of  wider 
distribution,  some  of  the  species  entering  streams  of  the  Pacific  slope. 

The  above  are  examples  of  the  addition  to  the  number  of  rays  in  the 
fins. 

The  modification  of  some  rays  into  strong  spines  is  seen  in  the  Min- 
nows, Meda  and  Ijepidomeda.  Among  the  many  Atlantic  slope  Minnows 
none  have  spines  in  their  fins  while  Meda  and  Lepidonieda,  confined  to  the 
Rio  Colorado,  have  two  spines  to  the  dorsal  fin,  the  posterior  received  in- 
to a  longitudinal  groove  of  the  anterior. 

The  increase  of  spines  is  very  strikingly  illustrated  in  the  Sun  Fishes 
(Centrarchidie)  in  which  the  single  Pacific  slope  species,  ArcfioplUes  inter' 
ruptus  (Girard),  has  one  more  dorsal  spine  than  any  of  the  numerous  At- 
lantic slope  relatives. 

We  must  either  assume  that  there  has  been  in  all  the  families  a  fortui- 
tous variation  in  one  direction  which  has  enabled  natural  selection, 
which  favored  larger  finned  fishes  to  produce  the  present  results,  or  we 
must  admit  that  the  environment  has  afiected  all  species  alike  and  the 
efiect  of  this  action  has  by  heredity  become  gradually  the  established  or- 
der of  things.  In  other  words  we  must  either  explain  the  conditions  with 
the  Neodarwinians  through  natural  selection  or  we  must  with  the  Neol^i- 
marckians  believe  in  the  acquisition  of  larger  fins  through  greater  use  of 
these  organs  and  the  subsequent  transmission  of  the  modification  to  the 
ofispring. 

These  modifications  being  in  one  direction  are  unquestionably  due  to 
one  definite  environmental  cause.  What  that  cause  is  I  am  unable  to 
say.  A  comparatively  short,  swift,  water  course  suggests  itself  most  natu- 
rally but  the  species  inhabiting  the  short,  swift,  streams  of  the  western 
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slope  of  South  America  show  no  sach  variation  from  their  Atlantic  slope 
relatives.  They  would  do  so  were  the  shortness  and  swiftness  of  the 
river  the  cause. 

The  most  striking  example  is  offered  by  the  Percopsidss  with  a  single 
species  on  the  Atlantic  slope  and  another  ou  the  Pacific  slope.  Percopns 
on  the  Atlantic  slope  has  feeble  unsegmented  rays  in  front  of  the  dorsal 
and  in  front  of  the  anal  which  in  Columbia  on  the  Pacific  slope  are  trans" 
formed  into  strong  spines. 

SimUar  structural  peculiarities  are  to  be  observed  in  other  regions.  Mr. 
A.  J.  Woolman  informs  me  that  all  the  minnows  of  Mexico  have  the 
teeth  in  one  row  and  four  teeth  in  each  row.  Such  uniformity  is  not 
found  elsewhere  in  America.  This  peculiarity  being  found  in  all  the  spe- 
cies may  be  explained  by  the  application  of  natural  selection.  The  pecu- 
liarity of  the  food  is  probably  such  as  to  bar  the  road  to  Mexico  to  all  but 
species  with  the  teeth  4  to  4  or  to  kill  off  any  that  may  have  entered  this 
region,  the  minnows  of  Mexico  having  all  entered  from  the  north. 

Lake  Titicaca  in  the  high  Andes  of  South  America  is  inhabited  by  a 
peculiar  genus  of  Cyprinodontidse  ( Oreslias),    The  numerous  species  all 
lack  ventral  fins.    Perhaps  no  one  would  be  willing  to  insist  that  each  of 
these  species  formerly  possessed  ventral  fins  and  lost  them  through  envi- 
ronmental infiuences  independently.  The  only  plausible  explanation  seems 
to  be  that  they  have  diverged  from  a  parent  stock  which  had  lost  its  ven- 
trals  before  it  split  into  a  number  of  species.    But  five  other  genera  of 
freshwater  fishes  are  known  to  me  to  lack  ventral  fins.    They  are : 
Apitaj  a  Minnow—Tennaserim. 
Teliiaj  a  Cyprinodont — Alpine  pools  of  the  Atlas. 
Astroblepns — Rio  de  Palace  near  Popayan  (in  the  Andes.) 
EreniophUus — Bogota  (in  the  Andes.) 
Channa — Ceylon. 

A  glance  at  this  list  will  show  that  four  of  these  six  inhabit  high  moun- 
tain waters.  (The  character  of  the  water  of  the  Ceylon  species  is  not 
stated.) 

Now,  while  not  all  mountain  fishes  lack  ventral  fins,  Che  fact  that  two- 
thirds  of  the  fishes  lacking  ventrals  inhabit  mountain  homes,  half  of  them 
living  in  the  waters  of  the  Andes  seems  to  indicate  that  here,  as  in 
the  Pacific  slope  fishes,  we  have  a  case  of  convergence— that  we  have 
to  deal  with  a  character  several  times  produced  in  remote  types  by  the 
direct  influence  of  the  environment.    Since  the  genera  lacking  ventrals 
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inhabit  Alpine  waters  in  remote  parts  of  the  globe  the  environment 
which  has  caused  this  convergence  is  limited  to  the  conditions  obtaining 
in  Alpine  waters.  A  closer  definition  of  the  acting  cause  in  the  reduction 
of  the  ventrals  I  am  unable  to  give. 

In  the  last  two  instances  I  have  but  given  facts  which  have  forced  them- 
selves on  my  notice.  The  conditions  obtaining  on  the  Pacific  slope  were 
determined  after  a  careful  comparison  of  all  Pacific  and  Atlantic  slope 
species  and  the  details  of  this  comparison  will  appear  in  the  publications 
of  the  XT.  S.  Fish  Commission. 


On  the  fishes  of  Wabash  county.     Bv  A,  B.  Ulrey. 

The  present  paper  is  presented  as  a  contribution  to  the  biological  survey 
of  Indiana.  It  is  apparent  that  before  any  complete  survey  of  the  fauna 
and  flora  of  the  state  can* be  made  there  must  be  a  large  number  of  local 
lists  of  animals  and  plants  representing  the  different  regions  of  the  state. 
While  the  county  forms  in  no  sense  a  faunal  area,  there  are  numerous  ob- 
vious reasons  for  making  county  lists.  It  is  perhaps  not  essential  that 
these  local  lists  sh6uld  cover  faunal  areas.  When  sufficient  data  are  at 
hand  the  matter  can  then  be  placed  in  sytematic  order. 

Wabash  county  is  situated  in  the  northerQ  third  of  the  state  a  little  east 
of  a  line  passing  through  the  centre  north  and  south.  The  Wabash  river, 
flowing  a  little  south  of  west,  passes  through  the  county  near  its  centre. 
Eel  river  flows  across  the  northwestern  part  and  the  Mississinewa  crosses 
the  southwest  corner,  both  of  which  finally  reach  the  Wabash. 

The  list  here  presented  contains  most  of  the  fishes  that  occur  in  consid- 
erable abundance  in  the  county  and  some  that  are  found  only  occasionally. 
It  is  desired  that  it  may  be  completed  by  some  one  in  this  region  and 
notes  made  on  the  spawning,  life-habits  and  environment,  presenting  a 
complete  record  of  the  ichthyology  of  the  county. 

The  collections  here  represented  are  a  part  of  more  extended  collections 
in  other  groups  of  animals  and  several  groups  of  plantis  made  by  different 
members  of  the  Wabash  County  Science  Club.*  A  series  of  the  fishes  of 
the  following  list  has  been  placed  in  the  museum  of  Indiana  University, 
one  in  the  museum  of  North  Manchester  College  and  another  in  the  pri- 

''This  material  is  in  preparation  for  the  biological  survey  of  the  state. 
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vate  collection  of  Mr.  William  0.  Wallace,  Wabash,  Ind.  All  of  the  speci- 
mens  were  taken  in  the  northern  half  of  the  county  in  the  following 
streams. 

CATOSTOMID-t. 

1.  Ictiobm  velifer  (Rafinesque).    Kentner*8  creek. 

2.  CatosUmim  teres  (Mitchill).    Hellem's  creek;  Paw  Paw  creek. 

3.  Catostomm  niffricans  Le  Sueur.    5©1  river. 

4.  Moxontoma  aniBurum  (Rafinesque).    Kentner's  creek. 

5.  Moxostonui  macroiepidotum  (Le  Sueur).    Paw  Paw  creek. 

CYPRINID.«. 

6.  Campostoma  anomalmn  (Rafinesque).    Kentner's  creek;  Paw  Paw 
creek. 

7.  PimephdUs  notatus  (Rafinesque).    Kentner's  creek ;  Paw  Paw  creek. 

8.  Notropis  delidoms  (Gimrd),    Kentner's  creek. 

9.  NotwpU  whippUi  (Girard).    Eel  river;  Kentner's  creek. 

10.  Notropis  megalops  (Rafinesque).    Hellem's  creek;  Kentner's  creek; 
Paw  Paw  creek ;  Eel  river. 

11.  Nolropis  ardens  (Cope).    Paw  Paw  creek. 

12.  Notropiz  umbrcUUia  (Girard).    Kentner's  creek. 

13.  Xotr<^is  atherinoides  (Rafinesque).    Eel  river.    ^ 

14.  EricyjTiba  huccata  (Cope).    Kentner's  creek. 

15.  Rhinichthys  atronfuus  (MitchiU).    Kentner's  creek. 

1().    Hybopsis  amblops  (Rafinesque).    Eel  river ;  Kentner's  creek. 

17.  Hybopm  kenttickiensis  (Rafinesque).     Eel  river;  Paw  Paw  creek; 
Kentner's  creek. 

18.  Semoiilns  atramaculatus  (Mitchill).     Hellem's  creek ;  Kentner's  creek. 

19.  Notemigonins  chrifsoleKCus  (Mitchill).    Hellem's  creek. 

ESOCID.B. 

20.  Lucius  (Esox)  hiciu^  Linnaeus.    Paw  Paw  creek. 

GASTKROSTEID^. 

21.  Eucalia  inconstans  (Kirtland).    Kentner's  creek. 

CENTRARCHID.E. 

22.  AmbloplUesrupestrU  CRsi^neEqxxe).    Eel  river ;  Paw  Paw  creek. 

23.  CJixnobryttm  gulosus  (Cuv.  and  Val).    Loc.  ? 

24.  Xepomi«  cyawW/j^s  (Rafinesque).    Paw  Paw  creek ;  Hellem's  creek. 

25.  Lepornis  palUdut  (MitchWl.)    Loc.? 
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26.  Lepomis  megalotvis  (Hafinescjue).    Paw  Paw  creek ;  Kentner's  creek. 

27.  Lepomis  gibbosus  (LinniBus).    Paw  Paw  creek. 

28.  Micropt4rm  dolomieu  (Lac^pMe).    Eel  river;  Paw  Paw  creek. 

PERCID-*:. 

29.  Etheostoma  peUnciduy/i  Baird.    Eel  river. 

30.  Etheostoma  nigrum  Rafinesque.    Paw  Paw  creek ;   Eel  river ;  Kent- 
ner's  creek. 

81.    Etheoistoma  hlennioides  Rafinesque.    Eel  river;  Paw  Paw  creek. 

32.  Etheostoma  atpro  (Cope  and  Jordan).    Paw  Paw  creek. 

33.  Etheostoma  ftaheUare  Rafinesque.    Eel  river. 

34.  Etheostoma  coeraleum  Storer.    Eel  river ;  Paw  Paw  creek ;  Kentner's 
creek.  ^ 

COTTID-E. 

35.  CoUus  richardwni  Agassiz.    Kentner's  creek. 


An   alphabetical    and   SYNONYMICAL    catalogue    of    the   ACRIDID.EOF    THE 

United  States.    By  W.  S.  Blatchley. 


Variations  in  the  color-pattern  of  etheostoma  caprodes.      By  W.  J. 

Moenkhaus. 

[Abstract.] 

In  examining  a  representative  number  of  Etheostoma  caprodes  from  lo- 
calities covering  practically  all  the  territory  of  its  distribution.  It  was 
found  that  there  existed  a  great  variation  in  the  color- pattern  and  that  this 
variation  showed  a  definite  line  of  development. 

The  simplest  coloration  consisted  of  alternate  Ions:  and  short  vertical 
bars  developed  on  the  body  from  the  head  to  the  base  of  the  caudal.  This 
simplest  coloration  waa  the  prevailing  pattern  of  the  specimens  taken 
from  the  streams  of  Indiana.  Four  specimens  from  the  Alabama  river  dif- 
fered only  in  that  the  bars  were  very  much  broader  and  more  intent ely 
colored. 

In  the  specimens  taken  from  certain  tributaries  of  the  Cumberland  and 
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Tennessee  rivers  there  was  developed  between  each  of  the  above  long  and 
short  bars  a  still  shorter  and  narrower  bar,  so  that  the  coloration  here 
consisted  of  whole,  half  and  quarter  bars.  The-Arkansas  river  also  afford- 
ed exact  representatives  of  this  pattern. 

Between  the  two  patterns  described  every  possible  gradation  was  found. 
The  quarter  bars  made  their  first  appearance  between  the  fifth  and  sixth 
whole  bars.  The  whole  bars  toward  the  posterior  end  of  the  body  in- 
creased in  width  and  intensity  of  color  near  their  ventral  limit  so  as  to 
give  rise  to  an  incomplete  longitudinal  series  of  lateral  spots.  These  spots 
were  more  evident  in  the  pattern  consisting  of  whole,  half  and  quarter 
bars. 

Specimens  from  Texas  showed  the  bars  less  regularly  developed  with  a 
corresponding  increase  in  the  extent  and  distinctness  of  the  series  of  lat- 
eral spots. 

A  great  number  of  specimens  taken  from  other  tributaries  of  the  Cum- 
berland and  Tennessee  rivers  all  showed  the  longitudinal  series  of  nine, 
almost  confiuent  black  lateral  spots  very  highly  developed,  while  the  bars 
had  become  so  modified  as  to  form  quite  a  close  network  over  the  dorsal 
half  of  the  body.  The  young  of  this  pattern  had  the  spots  less  strongly 
developed,  and  the  original  bars  could  be  easily  traced. 

It  seems,  thus,  that  the  variations  in  the  color  patterns  in  E,  caprodtA 
are  by  no  means  promiscuous^  but  that  they  show  a  serial  passage  from 
one  form,  that  consisting  of  alternate  whole  and  half  bars,  through  the 
form  consisting  of  whole,  half  and  quarter  bars,  and  having  the  incom- 
plete longitudinal  series  of  lateral  spots  more  highly  developed  to  the  re- 
ticulated form  having  a  very  prominent  longitudinal  series  of  dark  lateral 
spots.  I  was  unable  to  discover  any  relation  between  these  variations 
and  the  latitude  in  which  they  occurred. 


Some  qikkies  relative  to  a  mpi'osed  variety  of  solamm  di'i.i.amara.  By 
K.  W.  McBride. 
The  books  describe  the  flower  of  the  common  Bitter  Sweet,  Solanum 
Dulcamaray  as  being  purple  in  color.  This,  as  is  well  known,  is  the  usual 
color  of  the  flower  of  this  plant.  Some  six  or  eight  years  ago,  however,  I 
found  in  DeKalb  county  a  specimen,  which,  while  it  in  all  other  respects 
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resembled  the  common  Solanum  Dulcamara^  had  pure  white  flowers  in- 
stead of  purple.  I  sent  a  specimen  of  the  plant  with  flowers  to  Prof.  J. 
M.  Coulter  as  a  variety  which  I  had  not  previously  -seen  described,  and 
asked  for  information.  He  informed  me  in  reply  that  it  was  merely  an 
albino  sport.  Silenced,  but  not  quite  satisfied,  I  continued  my  observa- 
tions and  learned  that  from  the  seeds  of  this  plant  were  produced  plants 
bearing  white  flowers  only.  I  also  found  several  other  specimens  in  De- 
Kalb  and  Steuben  counties.  In  1890,  I  changed  my  home  to  Elkhart^ 
and  there  along  the  banks  of  the  St.  Joseph  river,  I  found  S,  Didcfinuxra 
growing  commonly,  and  also  discovered  that  at  least  thirty  per  cent,  of 
the  plants  bore  pure  white  flowers.  I  am  not  a  botanist,  but  a  mere 
layman  with  the  habit  of  occasionally  using  my  eyes  and  thinking  at  the 
same  time,  and  now  appeal  to  this  learned  body  for  information.  If  I  am 
not  mistaken  in  my  facts,  and  if  in  several  counties  of  the  state  a  large 
per  centage  of  the  plants  of  S.  DuUamara  are  white  instead  of  the  com- 
monly purple  color,  should  not  the  white  specimen  be  denominated  a 
variety?  also  is  not  the  white  variety  a  new  and  hitherto  undescribed  va- 
riety of  S,  Dulcamara  f  What  does  it  take  to  constitute  a  variety  of  a 
species?  How  may  we  be  assured  that  we  have  discovered  a  distinct 
variety  and  not  a  mere  sport  ? 


Work  of  the  rotaxical  division  of  the  natural  history  survey  of 
Mi.NNi'>40TA.     By  D.  T.  McDouciAL. 


XOTES  ON  AN  KMIIKDDINC;  MATERIAL.        By  JOHN  S.  WRICiHT. 

I  AllJ^TRACT.] 

A  report  was  made  of  experiments  upon  a  commercial  "  glycerine  jelly," 
for  embedding  purposes.  The  jelly,  a  translucent  glassy  material,  remains 
solid  at  temperatures  below  about  97°  C.  It  is  composed  of  glycerine,  Xaj 
COs,  and  stearic  acid,  united  at  a  temperature  of  2if  C.  By  adding  alcohol 
in  varying  quantities  four  solutions  were  made  which  were  used  in  infil- 
tration of  tissues.  The  experiments  were  not  sufficiently  extensive  to 
establish  the  preparation  as  a  valuable  embedding  material.  All  tissues 
used  were  vegetable. 
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Notes  on  sectioning  woody  tissues.    By  John'S.  Wright. 

[AB5ITBA(T.] 

The  preparation  of  hard,  woody  tissues  for  sectioning  is  accomplished  by 
beating  the  pieces  to  be  sectioned  a  few  minutes  in  a  test  tube  containing 
a  75  per  cent,  or  50°  glycerine  solution.  The  woods  may  thus  be  quickly 
brought  into  condition  for  sectioning.  In  some  instances  the  glycerine 
and  heat  distort  the  tissues,  while  in  other  cases,  if  carefully  applied,  they 
may  restore  cells,  which  have  shrunken,  to  nearly  their  original  outline. 
By  this  method,  however,  all  starch  grains  of  the  cells  are  destroyed,  and 
when  it  is  desired  to  study  cell  contents  fresh  material  must  be  secured. 


Concerning  tue  effect  of  (jlycerine  on  plants.    By  John  S.  Wright. 

[Abstract.] 

Various  potted  plants  were  experimented  with,  particularly  geraniums. 
Glycerine  was  administered  to  them  in  the  water.  10,  20,  25  per  cent, 
solutions  were  used.  In  some  cases  wilting  was  soon  effected  by  the  appli- 
cation of  water  containing  glycerine.  Some  cases  showed  a  temporary 
revival  from  the  first  noticed  effects,  again  in  other  cases  the  plants  died. 
Chemical  tests  were  made  of  leaves  of  treated  plants  and  of  untreated 
ones  (those  of  control  experiments)  and  in  nearly  all  instances  treated 
plants  were  discovered  to  have  contained  glycerine  in  their  tissues. 


Contributions  to  the  histology  of  the  pontederiacb.e.    By  E.  W.  Olive. 

[ABhTRACT.J 

Pontederia  crassipeSf  a  cultivated  form,  is  taken  as  a  representative  of 
the  order  and  its  histological  structure  compared  with  the  other  species. 
It,  however,  is  not  typical,  because  of  its  higher  differentiation.  The  dia- 
phragm, of  stellate  tissue  of  these  aquatic  monocots  furnish  very  inter- 
esting studies.  These  probably  serve  other  more  important  functions 
than  that  of  mere  mechanical  support.  The  active  nuclei  indicate  a  close 
connection  with  the  vital  processes  of  the  plant. 

The  diaphragms  in  Pontederia  cordaia  and  P.  crassipes  are  pierced  by 
long  spear-like  crystals  of  calcium  oxalate.  Each  of  the  latter  are  en- 
closed in  a  thick- walled  sac.  Also  a  secretion  of  a  fatty-oil  nature  was 
abundant  in  all  the  partitions  except  those  of  Pontederia  crassipeM,  Con- 
centrated sulphuric  acid  placed  on  a  section  showed  a  beautiful  example 
of  continuity  of  protoplasm  in  the  cells  of  the  diaphragm. 


2:^3 

Growth  is  length  and  thickness  op  the  petiole  of  kichardia.  By  Kath- 
ERiNE  E.  Golden. 

The  subjects  of  growth  and  tension  have  sach  a  close  inter-relation  that 
it  is  difficult  to  separate  them  in  order  to  determine  how  much  of  the  ex- 
pansion taking  place  in  a  plant  organ  is  due  to  growth  and  how  much  to 
tension.  It  is  well  to  understand  first  what  is  meant  by  growth  and  what 
by  tension. 

Growth  is  a  permanent  change  that  takes  place  in  an  organ,  usually  ac- 
companied by  a  change  in  bulk,  and  is  dependent  on  constructive  and 
destructive  metabolism,  an  adequate  supply  of  moisture,  and  a  tempera- 
ture between  certain  definite  degrees.  Tension,  on  the  other  hand,  is  a 
state  of  turgidity  of  the  cells,  /.  e.,  the  cells  are  capable  of  absorbing  water 
in  such  quantities  that  it  causes  considerable  stretching  of  the  cell  walls ; 
this  will  cause  a  pressure  from  within  on  the  cell-wall,  and  where  a  cell 
forms  part  of  a  tissue,  there  will  also  be  a  pressure  from  without  from  the 
surrounding  cells,  thus  settiog  up  tensions  in  the  various  tissues.  These 
tensions  will,  of  course,  cause  the  dimensions  of  an  organ  to  change. 

From  work  done  by  Kraus^  it  has  been  determined  that  organs  dimin- 
ish in  bulk  (estimated  on  diameters)  from  morning  until  afternoon,  and 
increase  until  towards  dawn.  This  depends  upon  the  quantity  of  water 
which  the  organ  contains,  and  again  on  gain  by  absorption  and  loss  by 
transpiration. 

To  determine  the  laws  governing  some  of  these  changes  I  made  a  set  of 
experiments  upon  the  petiole  of  Richardia.  The  petiole  is  made  up  of 
thin-walled  parenchyma,  having  large,  regular,  inter-cellular  canals  and 
small,  fibro- vascular  bundles  scattered  through  it,  and  enclosed  by  some- 
what smaller  parenchyma  cells  containing  chlorophyll,  alternating  with 
groups  of  collenchyma  cells,  the  whole  being  surrounded  by  the  epidermis 
which  has  very  thick  outer  walls.  It  can  be  seen  from  its  structure  that  it 
would  necessarily  contain  much  water  and  air,  and  respond  very  readily 
to  tensions. 

To  show  how  much  water  the  plant  may  contain  a  set  of  experiments 
made  by  Ungert  who  replaced  the  root  pressure  by  a  column  of  mercury 
in  one  case  gave  2().5  grms.  of  water  from  6  leaves  in  11  days,  and  in  an- 
other 36  grms.  from  4  leaves  in  10  days. 

In  my  work  I  used  self-recording  an xanometers  to  make  measurements. 


'^Krans.    Quoted  in  Vines  Physiology  of  Plants,  p.  405. 
tUnger.    Quoted  in  Physiology  of  Plants,  Vines,  p.  ivj. 
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the  petiole  being  measured  in  diameter  and  length  at  the  same  time,  so 
that  there  would  be  exactly  the  same  conditions  affecting  the  growth  of 
the  two  dimensions.  The  plant  was  placed  at  a  north  window,  and,  while 
not  receiving  direct  sunlight,  had  abundant  light ;  the  pot  containing  it 
was  set  in  a  saucer  kept  filled  with  water,  thus  providing  a  constant  supply 
of  moisture.  The  purpose  w^as  to  keep  the  plant,  as  nearly  as  possible, 
under  normal  conditions  while  being  measured. 

The  measurements  of  length  show  that  a  constant  growth  takes  place, 
there  being  two  periods  in  most  cases  during  the  24  hours  in  which  the 
growth  was  much  greater  than  at  other  times,  the  maximum  period  of 
growth  occuring  from  12  o^clock  midnight  to  8:00  a.  m.,  the  lesser  great 
period,  where  occurring,  being  in  the  evening.  The  growth  in  thickness 
was  constant  from  day  to  day,  as  can  be  seen  from  the  curves,  but  there 
were  times  during  the  24  hours  in  which  a  contraction  took  place.  The 
measurements,  in  every  case,  show  that  the  diameter  would  increase 
gradually  until  a  maximum  point  was  reached,  then  diminish  gradually, 
but  not  the  entire  amount  that  it  had  increased,  thus  proving  that  the 
increase  in  diameter  was  due  to  both  growth  and  tension  combined.  The 
amount  of  growth  is  estimated  for  24  hours  by  subtracting  the  sum  of  the 
increments  of  contraction  from  the  total  increase,  thus  leaving  the  sum 
of  the  increments  of  increase  of  the  organ  due  to  actual  growth. 

The  measurements  show  that  there  were  invariably  two  points  of  greater 
growth,  the  maximum  occurring  between  12  midnight  and  9:00  a.  m.,  this 
being  the  same  time  as  the  maximum  period  of  growth  in  length  occurs ; 
the  lesser  great  period  occurring  from  1:00  to  11:00  p.  m. 

These  show  a  wider  range  in  the  occurrence  of  the  greater  and  lesser 
points  of  growth  than  is  found  in  woody  stems,  but  is  probably  due  to  the 
nature  of  the  structure  of  Hichardia,  which  allows  a  ready  response  to  var- 
iations in  tension.  This  ready  response  was  also  shown  by  withholding 
water  from  the  plant  until  the  leaves  become  Haccid,  then  giving  an  abund- 
ant supply,  when  the  leaves  became  turgid  in  about  a  half  hour. 

The  curves  ehow  that  the  plant  responds  in  expansion  to  an  increase  in 
temperature,  though  in  two  cases  where  the  temperature  went  to  34°  and 
35°  C.  a  contraction  followed  in  one  case,  and  a  very  slow  growth  in  the 
other,  seeming  to  indicate  that  a  temperature  of  that  extent  was  detri- 
mental to  the  growth  of  the  plant.  This  point  would,  of  course,  have  to 
be  worked  out  much  more  fully  before  anything  positive  could  be  deduced. 

Theoretically  growth  in  length  and  thickness  should  have  their  maxim- 
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am  at  the  same  point,  but  the  measurements  of  Kichardia  show  that  while 
the  maximum  for  each  dimeueion  occurred  between' midnight  and  the 
middle  of  the  morning,  it  did  not  occur  at  the  same  time,  sometimes  there 
being  a  difference  of  4  or  5  hours  between  the  maximum  for  length  and 
that  for  thickness.  The  cun-e  for  length  shows  that  considerable  growth 
took  place,  but  as  this  is  the  result  of  the  growth  for  the  entire  petiole, 
which  consists  of  the  sum  of  the  increments  of  growth  of  its  zones,  while 
the  growth  in  thickness  is  but  that  of  a  single  zone. 

The  cnrv^es  are  constructed  having  the  abciesit^  represent  periods  of  one 
hoar  each,  the  ordinates  representing  growth.  One  division  of  the  ordi- 
nates  is  used  as  a  unit  for  the  curve  of  length ;  3  being  used  for  the  curve 
of  thickness  that  the  changes  may  be  seen  more  readily  as  they  are  so 
minute.  The  measurements  were  taken  in  millimeters,  and  as  the  instru- 
ment recording  growth  in  length  multiplied  8  times,  if  the  number  of 
spaces  traversed  by  the  curve  be  divided  by  8,  the  quotient  will  be  the 
number  of  millimeters  of  actual  growth.  The  instrument  for  thickness 
multiplied  by  40,  and  as  three  spaces  were  used  as  a  unit,  the  number  of 
spaces  traversed  would  have  to  be  divided  by  120  to  give  the  growth  in 
millimeters. 


The  effe(t  of  light  on  the  germinatin(;  si»ores  of  marink  aim.t..    By 
Melvix  a.  Bra XX on. 


XOTE-S  ox  SAPKOLKGNIA  FEKAX.      By  GeO.  L.  ROBERTS. 

As  to  the  sporangial  development  in  the  Saprolegnie^e,  two  important 
•theories  have  been  presented — that  of  Strasburger  and  the  more  recent  one 
of  Rothert. 

The  former  holds  that  the  partition  wall  of  the  sporangium,  in  Suproleg- 
nia  feraXf  forms  at  a  thickened  place  in  the  protoplasm.  This  changes  in- 
to a  cell-plate  of  varying  thickness.  The  cell-plate  is  formed  from  a 
strong  light- refracting  substance,  yellowish  in  color,  which  is  apparently 
the  san^e  substance  that  is  distributed  in  small  granules  in  the  protoplasm 
of  the  thread.    From  this  cell-plate,  after  a  time,  arises  the  limiting 
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membrane.  Later  the  partition  wall  becomes  arched  from  the  sporan- 
gium contents,  and  shortly,  two  membranes  are  formed,  the  one  belong- 
ing to  the  sporangial  portion  of  the  thread,  the  other  to  the  basal  part. 

The  view  of  Rothert,  confirmed  by  Berthold,  Hartog,  and  others  is, 
that  at  the  arrest  of  the  apical  growth  of  the  hypha,  the  protoplasm  con- 
tinues to  How  in  from  the  base,  usually  producing  an  oToid  enlargement. 
For  a  time  the  thick  protoplasm  of  the  sporangial  part  of  the  hypha 
passes  gradually  into  the  basal  part,  but  the  contrast  soon  becomes  abrupt 
and  well-defined.  Then  the  granules  disappear  from  the  protoplasm,  so 
as  to  form  a  somewhat  elongated,  transparent  plasma  ring,  which  in- 
creases at  its  inner  circumference  until  it  forms  a  transverse  disk,  that  ex- 
tends acro^  the  hypha  from  wall  to  wall.  It  is  sharply  marked  on  the 
basal  side,  but  on  the  sporangial  side  passes  gradually  into  the  granular 
protoplasm.  Within  a  very  short  time  (about  one-half  minute),  the 
transverse  septum  appears  at  the  base  of  the  disk.  This  septum  is  at  first 
pale  but  soon  becomes  strongly  defined. 

Rothert  thinks  it  probable,  that  the  material  for  the  formation  of  the 
septum  is  derived  from  the  Pringsheim's  cellulin  corpuscles,  consisting  of 
a  very  soluble  form  of  cellulose,  that  accumulate  about  the  limiting  area. 

For  the  purpose  of  verifying  one  or  the  other  of  these  theories,  I  made 
many  serial  cultures  of  SaproUgnia  ferax  on  the  bodies  of  dead  flies,  wasps, 
spiders,  and  crickets.  By  this  means  I  was  enabled  to  watch  the  develop- 
ment of  the  partition-wall.  The  time  at  which  this  was  formed,  in  each 
instance  observed,  was  in  the  morning.  As  to  whether  any  especial  sig- 
nificance attaches  to  this  fact  in  this  case,  I  can  not  say.  In  all  cases  the 
partition  wall  was  formed  as  set  forth  by  Rothert,  and  not  as  formerly 
suggested  by  Strasburger. 

Another  point  first  stated  by  Rothert  was  also  confirmed;  namely,  that 
fragments  of  a  healthy  culture  of  Saprolegnia  may  be  cut  off  and  will 
continue  to  thrive  in  the  hanging  drop  and  are  much  more  normal  than 
the  fly-leg  cultures  usually  used.  I  found  that  fragments  thus  treated 
continued  to  grow  and  develop  from  day  to  day. 

To  make  a  study  of  the  nuclei,  I  placed  flies  bearing  Saprokgniafemx 
in  different  stages  of  development,  in  a  one  per  cent,  solution  of  chromic 
acid  for  two  hours;  washed  this  material  two  days  in  distilled  water; 
placed  it  in  alum-cochineal  twenty  hours ;  and  after  again  washing  for  a 
short  time,  brought  it  gradually  into  seventy  per  cent,  alcohol,  for  pre- 
servation.   By  this  process  the  nuclei  are  stained  very  nicely,  and  their 
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arrangement  and  development  can  be  determined  very  satisfactorily. 

In  the  vegetative  portion  of  the  hypha,  the  nuclei  are  (A  considerable 
size  and  lie  in  the  inner  part  of  the  wall-lining  of  protoplasm.  They  are 
united  by  peculiar  plasma  threads,  that  run  parallel  or  obliquely  to  the 
long  axis  of  the  hypha.  The  nuclei  are  ellipsoidal,  elongated  in  the  dir- 
ection of  the  long  axis  of  the  hypha.  One  can  determine  the  existence  of 
a  small  nuclear  body  in  each  nucleus.  In  the  hypha-ends  the  nuclei  are 
nearer  together.  Here  they  are  found  somewhat  closely  connected  in 
pairs,  and  lying  entirely  imbedded  in  the  wall-lining  of  protoplasm. 
After  the  formation  of  the  partition  wall,  they  increase  in  numbers,  by 
division,  in  the  sporangial  portion,  and  in  the  mature  sporangium  each 
zoospore  contains  a  nucleus. 


Contributions  to  the  life-history  of  notothylas.    By  D.  M.  Mottier. 

[Abstract.] 

This  paper  embodies  the  results  of  a  study  of  the  development  of  the 
sporogonium  and  sex-organs  of  Notothyl4i8  orhiculctris  together  with  that 
of  ArUhoceroB,    These  results  may  be  summed  up  as  follows  : 

The  capsules  of  Notothylas  orbicularis  possess  a  columella  varying  in 
size  with  that  of  the  capsule. 

The  columella  is  developed,  as  in  ArUhoceroSf  primarily  in  the  young 
sporogonium  with  the  archesporium  and  independent  of  it,  and  is  not  a 
secondary  differentiation  inside  the  spore  chamber. 

The  archegonium  of  Notothylas  resembled  more  closely  that  of  the  en- 
sporangiate  ferns  than  does  the  archegonium  of  AnUioceros, 

The  antheridium  arises  from  an  hypodermal  cell,  thus  differing  in  this 
respect  from  all  other  known  Bryophytes. 


The  ash  of  tkkes.  By  Mason  B.  Thomas. 
The  object  for  which  this  investigation  was  undertaken  was  to  show  by 
chemical  analysis  the  amount  of  food  a  tree  or  shrub  takes  from  the  soil 
in  its  yearly  growth.  The  method  employed  was  to  determine  by  a  quan- 
titative analysis  of  the  ashes  of  trees  and  shrubs,  the  proportion  of  the 
mineral  constituents  of  the  soil  that  are  found  present  in  them.    It  seems 
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evident  that  such  an  investigation  would  be  of  importance  to  the  cultiva- 
*  tor  of  trees,  and  more  particularly  to  the  fruit  grower,  since  by  determin- 
ing the  drain  upon  his  land  he  would  have  a  knowledge  of  the  needs  and 
conditions  of  orchard  soil,  and  also  be  furnished  with  some  valuable  infor- 
mation regarding  the  care  of  land  on  which  trees  are  to  be  grown.  There 
are  but  few  fruit  growers  who  know  with  any  degree  of  certainty  regard- 
ing the  exhaustion  of  orchard  soil,  in  consequence  of  which  they  apply 
fertilizers  that  may  or  may  not  be  for  the  good  of  the  soil,  and  an  applica- 
tion of  a  surplus  of  fertilizers  is  not  only  a  waste  of  money  bat  is  found  to 
be  actually  injurious.  It  may  often  be  that  much  money  is  wasted  in  the 
purchase  of  fertilizers  rich  in  potash  salts  when  the  less  expensive  sodium 
salts  would  answer  as  well.  An  analysis  of  the  soil  on  which  an  orchard 
is  to  be  planted  would  at  once  show  its  condition,  and  knowing  the  pro- 
portion of  mineral  constituents  taken  from  the  soil  in  the  yearly  growth 
of  trees,  the  fruit  grower  would  be  furnished  with  accurate  information  re- 
garding the  suitableness  of  his  land  for  orchard  purposes,  and  would  also 
know  the  exact  constituents  he  could  most  profitably  apply  in  his  ferti- 
lizers. An  analysis  of  the  ash  of  two  trees  of  the  same  variety,  one  of  them 
attaining  yearly  a  very  vigorous  growth,  and  the  other,  as  it  were,  starving, 
would  show,  unless  the  stunted  growth  was  due  to  a  lack  of  proper  drain- 
age, the  food  that  should  be  given  to  the  exhausted  tree  for  its  support 

The  work  done  by  chemists  upon  the  subject  under  consideration  is 
comparatively  little.  Much  has  been  done  upon  the  amount  of  nitrogen 
and  ammonia  assimilated  by  trees,  but  little  upon  the  amount  of  mineral 
constituents  taken  from  the  soil.  More  prominent  among  those  who  have 
worked  upon  the  former  subject  are  Justus  von  Liebig,  Messrs.  Veille  and 
Blossingault.  Some  results  upon  the  analysis  of  apple  twigs  have  been 
published  by  Prof.  G.  E.  Patrick,  of  the  Iowa  Exp.  Station,  but  few  results 
regarding  their  mineral  constituents  were  given.  Much  has  been  done  by 
Schroder,  H.  C.  White  of  Georgia,  and  others  upon  the  analysis  of  the 
mineral  constituents  of  forest  trees,  but  no  results  are  given  regarding  fruit 
trees  or  shrubs. 

An  exhaustive  investigation  has  been  made  of  the  amount  of  mineral 
constituents  taken  from  the  soil  by  tubers,  cereals,  etc.,  and  valuable  con- 
clusions drawn.  The  best  of  these  results  can  be  found  in  the  Journal  of 
the  Royal  Agricultural  Society,  series  11,  vols.  7,  8  and  13. 

COMPOSITION  OF  TREES  AND  SHRUBS. 

A'll  vegetable  productions  may  be  divided  into  two  great  classes.    First, 
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special  productions  of  certain  peculiar  plants  aud  sometimes  of  particular 
organs  in  those  plants.  Second,  those  substances  which  are  always  found 
present  in  all  vegetable  life  and  which  makB  up  a  greater  part  of  the  solid 
portion  of  every  tree  or  plant.  With  the  latter  division  we  are  to  deal  and 
for  our  purpose  we  will  consider  it  under  two  heads;  first,  those  organic 
constituents  that  are  found  in  all  trees  and  shrubs  during  their  growth, 
and  second,  those  mineral  constituents  that  remain  after  the  combustion 
of  the  wood  of  the  plant.  The  organic  constituents  were  always  held  to 
be  necessary  to  the  growth  of  the  tree  while  the  inorganic,  since  they  var- 
ied with  the  nature  of  the  soil,  were  thought  to  be  accidental,  but  this 
idea  has  long  since  vanished  and  now  the  mineral  constituents  are  recog- 
nized as  being  of  the  first  importance  to  the  vegetable  world. 

Frof.  Liebig  has  said  ''every  vegetable  requires  for  its  fullest  develop- 
ment and  the  fulfillment  of  its  vital  functions  the  presence  of  certain  or- 
ganic acids,  of  the  use  of  which,  however,  we  are  ignorant,  but  farther  it 
also  requires  that  these  acids  be  in  union  trit?i  a  base.^* 

It  appears  from  experiment  that  such  substances  as  (xa^o)  7  (^K*^**)  '^^^ 
(°^kO  **)  ^^^^  ^  *  certain  extent,  act  as  substitutes  for  each  other,  but  if 
it  so  happens  that  the  supply  from  the  ground  is  insufficient  for  the  pur- 
pose of  the  tree  it  cannot  thrive  unless  it  has  the  power  of  secreting  an 
organic  base  for  its  own  use,  and  with  trees  this  is  seldom  possible.  Prof. 
Liebig  further  shows  that  a  certain  degree  of  consistency  attends  the  quan- 
tity of  bases  in  combination  with  organic  acids  present  in  the  same  plant 
grown  on  diUdrent  soils,  although  the  proportion  of  bases  may  of  them- 
selves be  v^ry  different.  An  analysis  of  two  pine  trees  grown  under  very 
different  conditions  showed  the  ijuantity  of  oxygen  present  in  the  carbo- 
nate to  be  nearly  the  same,  thus  proving  that  the  proportional  quantities 
of  organic  acids  in  the  two  trees  must  have  been  united  with  equivalent 
quantities  of  bases.  The  same  was  also  observed  in  two  fir  trees,  one  of 
which  was  grown  in  Norway  and  the  other  in  France.  The  question  now 
arises.  Is  each  of  the  mineral  constituents  present  in  the  tree  essential  to 
its  development  ?  Stohmann  has  shown  by  direct  experiment  that  all  the 
mineral  food  elements  have  an  independent  value  to  the  growth  of  the 
tree.  Potash  can  not  take  the  place  of  soda,  nor  can  calcium  take  that 
of  magnesium.  Though  they  are  all  necessary  for  the  growth  of  the  tree, 
for  it  has  been  shown  conclusively  by  experimental  investigation  that  the 
growth  of  a  tree  is  a  function  of  its  mineral  food  elements,  they  do  not  all 
have  an  equal  value  as  factors  of  nutrition.    The  growth  of  a  tree  would 
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therefore  always  be  proportional  to  the  quantity  of  mineral  constitaents 
of  nutrition  present  in  the  soil  in  a  sdluble  or  available  form.  This  would 
of  course  always  be  more  or  less  influenced  by  accidental  conditions  in 
the  surroundings.  With  the  organic  constituents  of  trees  we  are  not  to 
deal,  but  much  has  already  been  done  on  this  subject. 

THE  WATER  IN  TREES. 

The  average  amount  of  moisture  in  some  of  the  more  common  trees  may 
be  seen  from  the  following : 

Ash  28.7  per  cent.,  beech  29,  birch  31,  elm  44.5,  pine  50,  oak  40,  maple 
34,  hemlock  45,  pear  (Howell)  53.7,  apricot  (Russian)  44.4,  cherry  (Wins- 
low)  51.8,  cherry  (May  Drake)  50.1,  poplar  51.1. 

The  samples  of  fruit  trees  were  all  taken  on  the  same  day,  cut  fine,  dried 
at  110°  C.  until  constant  weights  were  obtained.  The  per  cent,  of  mpis- 
ture  is  much  lower  in  trees  than  in  grasses,  cereals  or  tubers. 

There  is  a  considerable  variation  in  the  per  cent,  of  moisture  in  differ- 
ent parts  of  the  same  tree  as  is  shown  by  the  following  determination 
given  by  Stockhardt.    Fir  tree  cut  May  20 : 

Tree  trunk  with  bark,  36.15  per  cent. ;  thin  end  of  trunk,  50.8;  branches 
over  1  c.  m.,  47.95;  branches  under  1  c.  m.,  51.56;  leaves,  52.49. 

According  to  Galesnoff  the  per  cent,  of  water  after  increasing  from  be- 
low upwards  diminishes  again  at  the  summit  of  the  trunk.  Not  only 
does  the  average  per  cent,  of  water  vary  in  different  parts  of  a  tree  but 
also  in  the  same  part  there  is  a  variation  during  different  seasons  of  the 
year,  as  shown  by  the  following  table  also  from  Stockhardt : 

BEACH   TREE. 
LOWER,  MIDDLE.  UPPER. 

Winter 50.5  41.5  39.3 

Spring 43.7  42.8  47. 

Summer 42.1  44.1  48. 

Autumn 39.  40.1  40.1 

In  ordinary  dry  wood  there  is  about  15  per  cent,  of  water. 

THE  ASH  OF  TREES. 

Experiments  show  that  while  different  trees  and  different  parts  of  the 
same  tree  vary  much  in  their  proportion  of  ash,  yet  in  the  same  parts  of  a 
given  species  of  trees,  the  quantity  of  ash  remains  about  the  same  and  its 
chemical  composition  though  ^  idely  varying  in  different  trees  is  similar 
for  the  same  parts  of  the  same  species,  although  the  soils  on  which  they  are 
grown  may  differ  much  in  character.    Each  individual  tree  seems  to  make 
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not  only  a  qoalitative  but  a  quantitative  selection  of  the  mineral  food  con- 
stituents best  adapted  to  its  development.  It  does  not  foUovj  then  that  out  of 
a  ffiven  mixture  a  tree  will  absorb  to  the  largest  extent  the  mineral  constituent  that  is 
present  in  greatest  abundance. 

The  per  cent,  of  ash  found  in  some  of  the  more  common  trees  and  the 
variations  in  dififerent  parts  of  the  same  tree  is  seen  below : 


PART  OF  TREK. 

LOWER. 

MIDDLE. 

l'l»PKR. 

Beech  wood     .   .   . 

.43 

.45 

.47 

Beech  bark  .   .   .   . 

3.90 

3.30 

3.00 

Larch  wood     .   .   . 

.27 

.30 

.37 

lArch  bark  .   .    .    . 

1.25 

1.75 

2.15 

Spruce  wood  .  .  . 

.a'> 

.39 

.47 

Spruoe  bark    .   .   . 

4.77 

4.29 

4.53 

An  analysis  of  a  Larch  tree  40  years  old  gave  the  following  per  cent,  of 
ash  in  its  different  Darts : 

Heart  wood,  .14 ;  Sap  wood,  .30 ;  last  year's  ring,  .48 ;  Cambium  ring,  5.17 ; 
leaves,  5.36. 

Other  trees  often  contain  a  much  larger  per  cent,  of  ash  as  in  the  Plum 
(Malabel)  the  bark  contains  11.2  per  cent,  while  the  fruit  of  the  tree  con- 
tains only  .72  per  cent. 

The  following  figures  will  show  the  per  cent,  of  pure  ash  as  I  have 
found  it  in  some  of  our  common  fruit  trees,  wood  and  bark  of  the  tree 
being  taken  together.    The  composition  of  this  ash  will  be  found  later : 

Pear  (Howell),  .27  per  cent. ;  Cherry  (May  Drake),  .20  per  cent. ;  Cherry 
(Winsor),  .23  per  cent.;  Apricot  (Russsan),  .22  percent.;  Poplar,  .31  per 
cent. 

It  can  be  clearly  seen  that  there  is  a  marked  difference  in  the  per  cent, 
of  ash  in  different  trees  and  in  different  parts  of  the  same  tree.  This  is 
also  found  to  vary  with  the  seasons  of  the  year  as  is  seen  by  the  follow- 
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PART  OF  TREE. 

LOWER 

Spring  Beech  wood  .   . 

.     .         .41 

Summer  Beech  wood  . 

.45 

Autumn  Beech  wood 

.      .44 

Winter  Beech  wood    . 

.43 

Spring  Larch  wood     .   . 

.      .25 

Summer  Larch  wood  .   . 

.      .27 

Autumn  Larch  wood  . 

.      .25 

Winter  Larch  wood    .   . 

.      .29 

MIDDLE. 

.46 
.43 
.46 
.46 
.32 
.33 
.26 
.36 


UPPER. 

.67 
.47 
.55 
.()2 
.41 
.38 
.:J3 
.41 
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THE  ASH  OF  LEAVER. 

The  per  cent,  of  ash  in  leaves  and  the  variation  during  the  year  ia  wor- 
thy of  special  attention. 

The  following  figures  illustrate  these  points : 

Mountain  Ash,  6.42  per  cent ;  Cherry,  6.70  per  cent. ;  Beech,  5.21  per 
cent. ;  Maple,  4.68  per  cent. ;  Elm,  6.82  per  cent. 

The  ash  of  leaves  like  that  of  wood  is  found  to  vary  during  different 
seasons  of  the  year. 

KOKINIA.  (  IIERRV.  BIRCH.  <  IIESTNI'T. 

May 6.25  6.40 

July 7.75  7.30 

September    .   .     8.22  4.:i6  4.75 

October     .    .    .    11.74  4.68  7.24  4.55 

April 7.80  3.84 

It  can  thus  be  seen  that  the  variation  in  the  per  cent,  of  ash  in  different 
parts  of  the  tree  during  the  year  is  very  marked ;  the  upper  portion 
being  subject  to  the  greatest  change.  The  ash  is  at  its  maximum  in 
the  sap  wood  in  autumn  and  winter,  and  in  the  heart  at  its  minimum.  In 
the  spring  the  ash  in  the  sapwood  falls,  at  the  same  time  it  rises  in  the 
bark.  By  summer  both  the  sapwood  and  the  bark  have  reached  their 
minimum  and  the  ash  constituents  go  to  the  leaves.  At  all  seasons  of 
the  year  however  the  cambium  and  bast  portions  of  the  tree  contain  three- 
fourths  of  the  whole  amount.  We  have  every  reason  to  believe  that 
every  part  of  the  tree  contains  a  certain  invariable  amount  of  mineral 
matter  which  is  absolutely  essential  to  its  existence  and  that  besides  this 
there  may  be  present  an  inessential  and  variable  amount  of  the  same  in- 
gredient. The  substances  usually  found  in  the  ashes  of  all  trees  when 
burned  at  a  low  temperature  are  potash,  soda,  lime,  magnesia  and  iron 
(K2O,  NaaO,  CaO,  MgO,  FegOg)  in  combination  with  phosphoric  acid 
(1*2^^5)1  sulphuric  acid  (SO.,)  chlorine,  (CI.)  carbon  dioxide  (CO,)  and 
silica  (SiOs);  iodine  (I),  aluminum  (Al.)  and  manganese  (Mn.)  are  often 
present.  One  portion  of  these  mineral  constituents  exists  in  solution  in 
the  sap  and  the  other  in  the  tissue  of  the  plant  in  the  solid  form.  In 
burning,  portions  of  sulphur,  chlorine,  phosphorus  and  alkalies  may  be 
lost  under  certain  conditions,  by  volatilization. 

The  ash  remains  as  the  skeleton  of  the  plant,  and  often  actually  retains 
the  microscopic  structure  of  its  tissues. 
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THE  FORM  IN  WHICH  THE  MINERAL  ELEMENTS  EXIST  IN  THE  PLANT. 

If  we  take  a  living  tree,  whose  ashes  are  rich  in  carbonates  of  potash, 
and  test  its  sap,  we  find  instead  of  the  usual  alkaline  reaction  of  the  salts 
a  strong  acid  reaction,  due  to  the  presence  of  vegetable  acids — oxalic, 
tartaric,  citric  or  malic,  so  united  with  the  alkaline  potash  as  to  form 
an  acid  salt  which  is  held  in  solution  in  the  sap  of  the  tree.  Combustion 
converts  the  vegetable  acids  into  carbon  dioxide,  and  the  latter  unites 
with  the  bases. 

HOW  HAVE  THESE  SI  KSTANCES  BEEN  ASSIMILATED  BY  THE  TREE? 

It  must  be  remembered  that  the  sap  of  the  tree  is  charged  with  carbon 
dioxide  and  often  sodium  chloride,  therefore  the  double  silicates  of  am- 
monia and  aluminum  in  the  soil,  which  are  somewhat  soluble  in  such 
water,  are  furnished  to  the  tree  in  sufficient  quantities  for  its  development. 
The  silicates  of  iron  are  decomposed  at  ordinary  temperature  by  carbon 
dioxide.  They  are,  therefore,  made  soluble  in  water  charged  with  carbon 
dioxide  and  exist  in  solution  in  the  sap.  The  alkaline  carbonates  also 
bring  about  many  decompositions  in  the  mineral  matter  of  the  soil.  It  is 
by  the  introduction  of  atmospheric  oxygen  that  many  of  the  compounds 
entering  into  the  double  silcates  of  aluminum  are  gradually  decomposed, 
and  the  alkalies — potash,  soda  and  lime,  are  rendered  capable  of  assimila- 
tion and  pass  in  solution  in  the  sap  of  the  tree. 

The  relative  proportion  of  the  constituents  of  the  ash  of  trees  is  found 
to  vary  in  different  trees,  and  also  in  different  parts  of -the  same  tree. 
The  following  analyses  were  made  of  the  ash  of  the  young  and  thrifty 
shoots  which  represent  a  fair  average  of  the  proportion  of  the  mineral 
constituents  of  the  soil  that  are  assimilated  by  the  tree  in  a  year's  growth : 


8iO, 


No. 
No. 
No. 
No. 
No. 
No. 


1— Pear,  Duchess 74 

2— Pear,  Anjou I     .87 

.■^Pear,  Sicitlea m 

4— Pear,  Bartlett '  '2.^1 

.S— Pear,  Dachess .13 

fi— Pear,  Vicar  of  Wakefield      .81 


No.   7— Pear,  Howell 

No.  8— Plum,  Lombard  .  .  . 
No.  '.♦—Plum,  Lombard  .  .  . 
No.  10— Plum,  Ix>mbard  Roots 
No.  11— Peach,  Late  Crawford 

No.  12— Osage,  OrauKe 

No  m— Cherry,  Winslow  .  .   . 

No.  1 1— Cherr>',  May  Drake  .  . 
No.  l.V-Cherry  Wood 


No.  KV-Cherry  Bark 
No.  17— Apple  tree 


.81 
.38 
.40 
1  4.'> 
.1»7 
.*»7 
Aw* 

•J.l 
'JO. 


1.:J 


Fe,03 

4.20 
:{.16 
5.H 
4.18 
2.14 
1.39 

5  47 
A.'Ab 
1.21 
3.87 
:v30 

1.84 

2.21 
.07 


SO, 

1.37 
1.90 
1.59 
l.fiO 
2.27 
2  67 

.IS 
1.7H 
1.27 
:i.48 
242 
2.12 


l.r,i 

3.3 


MgO  I  CaO    P.,0 


10.21 
0.32 
l..^9 
2.02 
8.88 

4:i.20 

52  OS 
2.55 
5.79 
5.15 

5.81 
4.75 


3.17 
9  2 

5.1 

7.5 


'  :i8..52 

i  31.88 

i  51.20 

!  :J<1.15 

I  :\»\M 

I  4.9«i 
I 

'  4.17 

I  41.40 

I  29.4 1 

59.22 

mio 

54.2<» 

M.'20 
28.7 

42. 

«i:J.5 


0  72 
13.66 
14.14 
11.46 

9.41 
10.0:j 

20.01 
8.8<'. 

20.77 

17.00 
7.02 

13. r. 


K3O 

:V).\H\ 

2ti  03 
25  45 
29.1>9 
a5.S9 
37.1«8 


NSaO 

2.71 
9  (50 

trace. 

10.74 

4.01 

trace. 


(  Tdsbydlff 


15 

31.02 

24.43 

31.30 

2.10 


;8 
12.43 

3.8«) 

4.45 

17.34 


.34.7s  I  11.00 


!  17.01 

.    .    . 

.   .1 

;  ci 

I2.W        ..-H)     .    .    . 

7.7    1  20.8 

8.4 

3.3 

7.5 

14.5 

1.9 

19.2 

Ila,0.5 

Total. 

98^2 
97.31 
99.81 
08.47 
98.70 
1(H).41 

HK).00 
98.27 
W.17 
9l».32 

lOO.Oi) 
99.41 


70.55 
NaCi 

100.1 
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The  analyses  1  to  14  were  made  by  myself,  and  in  each  case  parallels 
were  carried  through.  The  samples  for  the  complete  analyses  were  nearly 
all  taken  at  the  same  time,  and  therefore  no  variation  need  be  allowed  in 
the  different  analyses  for  a  change  in  the  per  cent,  of  ash  or  ash  constit- 
uents due  to  its  variation  at  different  seasons  of  the  year.  The  samples 
being  all  young  and  thrifty  twigs  of  one  year's  growth,  the  per  cent,  of 
aah  is  consequently  low.  The  analyses  8  and  9  were  made  from  young  trees 
growing  a  few  rods  apart ;  but  one  sample  was  taken  three  months  later 
than  the  other.  The  sample  for  analysis  No.  10  was  taken  from  the  roots  of 
sample  9.  The  tree  being  only  three  or  four  years  old  the  whole  top  was 
incinerated.  The  high  per  cent,  of  silica  (SiOz)  ^^  ^o.  8  is  probably  due 
to  the  fact  that  the  sample  was  not  thoroughly  cleaned,  the  roots 
being  quite  knotty. 

In  the  peach  the  per  cent,  of  lime  (CaO)  is  higher  than  for  any  other 
tree,  but  the  potash  is  correspondingly  lower. 

The  variation  in  the  per  cent,  of  mineral  constituents  in  the  ash  of  the 
two  plum  trees  is  quite  marked,  but  this  is  not  strange  when  we  consider 
the  effect  of  the  difference  in  soil  and  of  difference  due  to  the  variation  in 
the  tim^  of  collecting  the  s^amples. 

It  is  quite  noticeable  that  the  per  cent,  of  potash  (KjO)  in  the  top  and 
roots  of  the  plum  (samples  6  and  8)  is  nearly  the  same,  while  the  per 
cent,  of  lime  (CaO),  though  varying  much,  is  yet  quite  low  for  both  root 
and  top.  In  all  of  the  samples  chlorine  was  found,  but  not  in  weighable 
quantities. 

Although  at  first  the  variation  in  the  per  cent,  of  ash  constituents  in  the 
different  pears  seems  strange,  it  is  nevertheless  found  to  be  true  to  exper- 
ience, for  it  is  well  known  that  land  on  which  some  varieties  can  be  grown 
would  not  answer  for  other  varieties  of  the  fruit. 

It  will  be  seen  by  the  tables  that  a  tree  without  fruit  is  not  very  ex- 
haustive to  the  land. 

The  method  of  analysis  was  in  the  main  that  found  in  Prof.  G.  C.  Gald- 
weirs  Agricultural  Chemistry,  but  some  modifications  of  it  were  deemed 
necessary  for  practical  working.  The  value  of  these  results  will  be  shown 
by  a  little  explanation. 

Subsequent  calculations  are  based  on  figures  given  by  a  prominent  fruit 
grower,  modified  by  experiment  and  approved  by  several  horticulturists. 
It  is  estimated  that  pear  trees  such  as  those  from  which  the  samples  were 
taken  (six  inches  in  diameter)  will  add  to  their  growth  in  a  year  10  pounds 
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of  wood  above  ground,  and  an  eqaal  amount  below.  Experience  shows 
that  the  sum  of  these  will  not  vary  more  than  from  16  to  24  pounds 
for  the  total  weight  of  wood  added  to  the  entire  tree  in  a  year's  growth. 
The  trees  in  question  yield  >on  an  average  3  bushels  of  fruit  each  year, 
weighing  45  to  50  pounds  per  bushel.  The  weight  of  leaves  produced  on 
the  same  tree  is  about  20  pounds,  and  varies  in  about  the  same  proportion 
as  the  wood.  The  number  of  dwarf  trees  (10  by  12  feet  apart)  on  an 
acre  is  363. 

The  following  tables  will  6hr)W  the  exhaustion  of  the  mineral  constit- 
uents of  the  soil  by  weight  in  pounds,  in  the  yearly,  growth  of  wood  above 
ground  on  an  acre  of  orchard  in  which  the  arrangement  of  trees  is  as  above 
indicated : 

The  pure  ash  of  the  wood  of  the  pear  we  found  to  be  .27  per  cent. 


No.  1— Pear,  Duchess  .      .  .  . 

No.  2— Pear,  Barre  Aujou    .  . 

No.  :]— Pear,  Sickles  ... 

No.  4— Pear.  Bartlett 

No.  r>— Pear.  Duchess 

No.  5— Pear,  Vicar  of  Wakefield 

No.   7— Pear,  Howell 

No.   8— Plum,  I/Ombar<1  .... 
No.    9— Plum,  Lombard  .... 
No.  10— Plum»  Lombard  Roots 
No.  11— Peach,  Late  Crawford  . 


8,0, 
.07 

SO, 
.13 

Fe.O, 
.43 

Ca<l 

MgO 

P,Os 

.98 

388 

l.O:^ 

.09 

.19 

M 

2  -22 

.93 

l.:i8 

.09 

.10 

.52 

5.17 

1.40 

1.43 

.2:i 

.16 

.42 

3.(^5 

.20 

1.16 

.01 

.23 

2** 

3.M 

.90 

1.20 

.34 

.11 

.20 

4.47 

.a 

1.01 

.(»« 

.02 

.55 

5  35 

.42 

2.08 

.14 

.67 

.16 

1.:^ 

.:.<*. 

.83 

.15 

.45 

.49 

1.53 

.22 

.78 

.17 

.13 

.15 

1.1 

.19 

1.18 

.03 

.07 

.13 

1.6 

.16 

.21 

K,<) 


Na,0 


^  f 


3.11 

2.6S  .98 

2.67  ... 

3.02  i     1.08 

3.6:3  I       .40 

•i.Oi>  I     .    .    . 

cl'dsbydiff. 
1.69 


L16 
.90 
.16 

.48 


.47 
.16 
.64 
.06 


These  tables  give  quite  an  accurate  idea  of  the  amount  of  mineral  con- 
stituents a  tree  takes  from  the  soil  and  also  of  the  exhaustion  of  orchards 
to  the  land. 

The  amount  of  lime  (CaO)  taken  up  by  the  trees  on  an  acre  varies 
from  3.6  lbs.  to  5.3  lbs.  The  potash  (KgO)  from  2.5  lbs.  to  3.0  lbs.  and 
the  variation  in  the  other  mineral  constituents  taken  from  the  soil  can  be 
seen  in  the  tables.  The  Bartlett  pear  is  the  least  and  the  Sickles  pear  the 
most  exhaustive  to  the  land.  Plum  trees  are  not  one-half  so  exhaustive 
as  pears  while  the  peach  tree  is  less  exhaustive  than  either. 

The  figures  regarding  the  number  of  trees  on  an  acre,  also  the  yield  of 
fruit  per  tree  and  its  weght,  are'taken  from  Prof.  Bailey's  Horticulturist's 
Year  Book.  The  weight  of  wood  added  to  a  standard  pear  tree  is  five 
times  that  added  to  a  dwarf  tree,  but  the  number  of  trees  on  an  acre  is 
one-fifth  as  many,  therefore  the  exhaustion  to  the  land  would  be  about 
the  same.  It  is  interesting  to  compare  the  amount  of  mineral  constitu- 
ents required  for  the  yearly  growth  of  trees,  with  that  necessary  for  some 
of  the  more  common  field  crops. 
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The  following  analyses  were  made  by  Thos.  Way  and  (t.  H.  Ogston 
and  will  give  an  idea  of  the  drain  upon  land  which  is  us^d  for  cereals, 
hay,  &c.    Pounds  per  acre : 


(•R01*S. 

sio., 

P,0. 

22.3 
24  3 
.-.7  3 

2r>  6 

2H.4 

so. 

CaO 

MgO 

FeoO, 

K,<> 

Na,0 

Naa    K(;i 

Oats 

liarley 

Hay     

FJax 

HODB          

69.8 
107.2 
184.7 
22.1 
47.6 
36.4 

5.R 
4.3 
31.8 
8.2 
66 
6.5 

12. 

15.6 

74. 

51  1 

60.4 

13.5 

9.1 

8.8 

19.7 

12.1 

11.4 

12.4 

2.7 
1.6 
74 
9.7 
.9 
3. 

3<i,5 
:J8.3 
273.:{ 
59  5 
44  6 
5«l  6 

8.6 
2.6 
.3 
6. 
iion6 

3.S  '■      6.3 

.6          .7 

21.1       77.H 

18.::  !      2.2 

6. 1        15.0 

Corn 

.9 

.3  Dooe. 

It  must  be  remembered  that  there  is  added  to  the  roots  of  a  tree  an 
amount  of  wood  equal  to  that  added  to  the  top,  the  composition  of  which 
as  compared  with  the  top  may  be  seen  in  analyses  Nos.  9  and  10,  but  since 
the  wood  o'f  the  root  is  never  taken  from  the  ground  the  mineral  constit- 
uents which  are  a  part  of  its  composition  can  never  be  said  to  be  taken 
from  the  iield,  yet  in  a  growing  tree  the  fact  must  be  remembered  and  a 
rate  of  exhaustion  allowed  for  the  roots  equal  to  that  of  the  branches. 

There  is  also  taken  up  by  the  leaves  an  amount  of  mineral  constituents, 
the  per  cent,  of  which  is  shown  by  the  following  table  taken  from  Dr. 
Wolff's  ash  analysis. 


LEAVE 

8  OF 

AIM'LE. 

CHERRY. 

REECH. 

MATLE. 

ELM. 

K.O   . 

.    .   .  24.75 

23.23 

21.83 

25.41 

23.67 

NajO 

.    .   .    2.67 

9.00 

3.26 

.93 

2.16 

CaO    . 

.    .   .  53.39 

42.(J4 

44.37 

30.89 

29.31 

MgO  . 

.    .    .    5.5(i 

12.33 

7.29 

10  49 

8.41 

Fe^Oa 

,    .    .    1.08 

.91 

2.37 

198 

6.vS6 

P,0,  . 

.    .    .    6.71 

(>.36 

7.83 

9.56 

7.63 

S()3        . 

.    .    .    3.32 

2.21 

2.49 

9.67 

2.a5 

SiO,   . 

.    .    .    2.31 

2.73 

10.56 

11.07 

19.91 

COo    . 

.    .    .  22.02 

23.29 

11.59 

14.08 

1138 

Much  of  this  material,  however,  returns  to  the  land  and  need  not  be  eon. 
sidered  as  very  important  in  the  calculations. 

The  only  part  of  the  mineral  constituents  absorbed  by  the  tree  that  are 
carried  away  from  the  Iield  is  that  portion  contained  in  the  fruit.  The 
amount  of  fruit  grown  on  different  trees  varies  within  such  wide  limits 
and  its  mineral  constituents  vary  so  much  with  the  quality  of  the  fruit 
that  only  very  general  conclusions  can  be  given. 

The  results  below,  taken  from  Dr.  Wolff's  ash  analysis,  show  the  com- 
position of  the  ash  of  some  of  the  common  fruits : 
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FRl'lTS. 

1»KAR. 

CHERRY. 

PLVM. 

54.69 

51.85 

59.21 

• 

8.52    • 

2.19 

.54 

7.98     . 

7.47 

10.04 

5.22 

5.4(i 

5.4() 

1.04 

1.98 

3.20 

15.20 

15.97 

15.10 

5.69 

5.09 

3.83 

1.49 

9.04 
1.35 

2.36 

1.97 

2.20 

1.87 

APPI.K. 

K3O 35.68 

Na^O 26.09 

CaO 4.08 

MgO 8.75 

FeaOa     1.40 

P2O5 13.69 

SO3 6.09 

SiO, 4.32 

CI 

Pure  ash    ....    1.44 
These  results  give  the  amount  of  mineral  constituents  an  average  growth 
of  fruit  takes  from  the  soil.    The  following  statements,  together  with  the 
previous  calculations,  serve  as  a  basis  in  the  determination  of  the  results 
given  in  the  table  which  follows : 

APPLES. 

Every  alternate  year  a  full  grown  tree  produces  30  bushels  weighing  48 
pounds  per  bushel.    There  are  on  an  average  20  trees  on  an  acre. 

CHERRIES. 

The  average  yield  of  a  cherry  tree  is  5  bushels,  and  the  weight  of  a 
bushel  40  pounds.    There  are  135  trees  on  an  acre. 

PLUMS.  • 

The  average  yield  of  a  plum  tree  is  6  bushels,  and  the  weight  of  a  bushel 
is  55  pounds.    There  are  135  trees  on  an  acre. 

PEARS. 

The  average  yield  of  a  dwarf  tree  is  3  bushels,  and  the  weight  of  a  bushel 
is  48  pounds.    There  are  363  trees  on  an  acre. 


K,0 

Na^O 

C'aO 

MgO 

Fe.O, 

P,(^^ 

SO3 

SiO, 

CI 

Applet. 

Single  tree  .... 

7.:«) 

5.41 

.H4 

181 

.29 

2.83 

1.-26 

.89 

Acre  .  -  . 

>     < 

147.1» 

108.1 

16.92 

36.28 

.58 

56.7r. 

25.25 

1H.29 

Cherries. 

Single  tree 

*J.28 

.09 

.'M 

.24 

.(»s 

.7() 

.39 

.a'> 

Acre  .  .  . 

•.m. 

.IJ 

4l.r)8 

32  43 

11.7G 

9l.8<5 

30.2:J 

53.69 

8.01 

Plums. 

Single  tree 

3.5.1 

.03 

.fiO 

.32 

.19 

.90 

.23 

.14 

Acre  .... 

480. 

4.37 

81.39 

44.27 

25.94 

122. 

31. 

19.14 

Pears. 

Single  tree 

l..Vi 

.24 

.22 

.14 

.02 

.43 

M 

.04 

Acre   .... 

.vai 

S7.7'2 

82.17 

.')3.7.«> 

10.71 

I5f..5 

.58.5 

15..34 

We  next  consider  the  per  cent,  of  nitrogen  found  present  in  trees,  and 
also  its  variation  in  the  different  parts  of  the  same  tree.    The  following 
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table  is  from  Dr.  WolflTs  Aachen  Analysen,  and  showB  the  variation  in  the 
fir  tree : 

LU(>  WOOD.  BILI.RT  WOOD.       KKANrHEH.  EMI*  OF  BR. 

Wood 11                   .11                  .17  .68 

Bark 65                  .69                  M7  1.10 

Sap 17                   .18                   .32  .78 

The  variation  during  different  parte  of  the  year  is  also  given : 

TREES— (KERRY.  BIRCH.  I»IXE.  <HE8TNIT. 

April 2.00 

May .   .  3.59  2.12 

June 2.43 

July 95  2.32  2.81  .    . 

August 1.57 

September 84  1.28  l.(>8  .70 

October 11  .49  .70  .62 

The  table  represents  the  per  cent,  of  N  in  wood  dried  at  lOO'^C. 

The  source  of  the  mineral  constituents  of  the  trees  must  be  the  soil,  while 
the  atmospheric  carbon  dioxide,  water  and  ammonia,  furnish  the 
organic  compounds  which  enter  into  the  growth  of  trees.  The  U  used 
by  the  tree  comes  from  the  water,  the  carbon  from  the  carbon  dioxide  and 
the  nitrogen  from  ammonia.  There  appears  at  present  to  be  but  little  certain 
knowledge  as  to  the  power  of  trees  to  absorb  combined  N  directly  from 
the  air  as  distinguished  from  that  obtained  from  the  same  source  through 
the  agency  of  the  soil.  The  organic  materials  used  by  trees  are  the  re- 
mains of  animals  and  plants,  but  even  these  must  assume  the  mineral 
form  before  they  can  become  food  for  trees.  The  other  mineral  constiu* 
ents  are  absorbed  from  the  soil  by  the  roots,  after  being  first  made  soluble 
by  the  decomposition  going  on  in  the  soil,  which  renders  them  capable  of 
being  taken  up  by  the  sap  and  distributed  to  all  parts  of  the  tree.  NH, 
is  of  the  first  importance  to  the  vegetable  world,  and  for  its  retention  in 
the  soil  four  alkaline  bases  are  made  responsible.  It  is,  therefore,  always 
present  in  an  available  form.  Usually  enough  ammonia  and  nitric  acid 
are  present  in  the  atmosphere  for  vegetation,  and  by  cultivation  and  accum- 
ulation may  take  place  in  the  soil.  The  mineral  constituents  necessary  to 
the  growth  of  the  tree  are  potash,  lime,  magnesia,  and  iron,  phosphoric 
acid,  sulphuric  acid,  with  possibly  the  addition  of  soda. 

The  analyses  of  Bibra,  Zoeller,  Arendt,  Bretschneider  and  others  upon 
the  per  cent,  of  soda  in  trees  and  plants  leads  to  the  conclusion  that  in 
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some  trees,  or  in  certain  parte  of  trees,  it  may  be  wholly  wanting,  while 
in  others  it  may  occur  in  abundance.  It  has  not  been  proven,  however, 
that  soda  is  entirely  wanting  in  any  entire  tree  or  plant  grown  on  nataral 
soil.  The  general  conclusion  is,  then,  that  the  quantity  of -soda  present  in 
a  tree  is  an  extremely  variable  one,  and  though  generally  present  in  some 
proportion,  yet  in  some  parts  of  a  tree  it  has  not  been  found  present  in 
weighable  quantities. 

An  important  question  now  arises :  Can  soda  take  the  place  of  potash  ? 
The  result  of  the  investigations  of  Halm-Horstmar,  and  more  recently  of 
Knop  and  Schreber,  have  demonstrated  that  it  cannot  entirely  do 
^this,  since  potash  is  absolutely  essential  to  the  growth  of  the  tree. 
Cameron  concludes  that  soda  can  partially  replace  potash,  and  this 
appears  to  be  indicated  by  many  facts.  It  may,be,  however,  that  the  soda 
which  often  appears  to  replace  the  potash  is  accidental,  and  that  the  re- 
placed potash  was  present  in  the  tree  in  an  excess  of  that  really  needed  for 
its  growth.  The  amount  of  either  absorbed  woufd  depend  on  the  nature 
of  the  soil. 

Potash  is  of  the  next  importance  to  the  vegetable  world.  The  organic 
acids  require  alkalies  and  alkaline  earths  to  form  the  salts  which  exist  in 
the  tree,  and  in  most  cases  it  would  be  impossible  for  these  acids  to  be  formed 
were  it  not  for  the  presence  of  these  bases.  There  is  every  reason  to  believe 
that  the  alkalies  are  peculiarly  connected  with  the  formation  of  carbohy- 
drates, and  that  an  increased  assimilation  of  alkalies  is  co-ordinate  with 
the  increased  formation  of  carbohydrates. 

Lime  is  of  the  next  importance.  Its  great  abundance  in  nature  is  a 
guarantee  of  its  presence  in  an  available  form  for  the  tree. 

Of  the  remaining  ingredients,  iron,  is  perhaps,  of  the  greatest  import- 
ance. It  is  abundantly  proven  that  its  presence  is  necessary  to  the  devel- 
opment of  the  tree  or  plant.  It  is  usually  found  in  the  greatest  abundance 
in  the  bark  ;  much  of  it  is  accidental  and  not  necessary  to  the  develop- 
ment of  the  tree. 

CI  is  never  totally  absent  from  a  tree,  but  if  necessary  to  its  develop- 
ment, only  a  small  quantity  is  needed.  Its  absence  in  many  reported  ana- 
lyses is  due,  without  doubt,  to  the  fact  that  it  is  easily  driven  off  from  the 
ash  when  it  is  at  the  temperature  necessary  for  the  combustion  of  the 
wood. 

Silica  is  not  indispensable  to  the  growth  of  trees  but  analyses  show  that 
it  is  always  present  in  the  ash  of  trees  grown  on  natural  soils.    It  is  usually 
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found  most  abundant  in  the  stem  and  sometimes  occurs  to  the  extent  of 
30  per  cent.,  as  is  often  the  case  in  the  pine  tree.  It  also  varies  greatly  with 
the  age  of  the  tree,  and  is  frequently  found  as  a  coating  on  the  bark.  Halm- 
Horstmar^s  investigations  seem  to  indicate  that  silica  is  indispensable  to 
vegetation,  but  the  later  investigations  of  Sachs,  Knop,  Xobbe,  Sti^gert, 
Wolff  and  others,  indicate  that  it  is  not  essential  to  the  physiological  de- 
velopment of  the  plant.  Its  great  abundance  in  the  soil,  however,  accounts 
for  its  occurrence  in  the  ash  of  all  trees. 

Lucanus'  Investigations  show  conclusively  that  the  oxide  of  manganese 
is  inessential  to  the  development  of  the  tree. 

It  must  be  remembered  that  all  the  ash  constituents  which  are  neces- 
sary to  the  growth  of  the  tree  may  be  absorbed  by  it  in  a  much  larger 
quantity  than  is  essential. 

The  effect  of  an  abundance  of  any  one  of  the  ash  constituents  of  a  tree  upon 
its  vegetable  products  has  been  given  some  study,  but  no  definite  conclu- 
sions have  been  reached.  It  is  known,  for  example,  that  pears  will  flour- 
ish on  ground  that  would  yield  apples  scarcely  palatable,  but  the  mineral 
constituent  wanting  and  necessary  for  the  full  development  of  the  apple 
is  not  known. 

Fruit  growers  agree  that  by  the  use  of  fertilizers  you  may  affect  the 
growth  of  wood  very  much,  but  not  the  quality  or  quantity  of  fruit.  The 
best  form  to  apply  the  mineral  constituents  to  the  soil  is  in  the  use  of 
stable  manure  which  has  the  following  average  composition :  Water  75 
per  cent.,  organic  matter  19.2,  ash  5.2,  nitrogen  .5,  potash  .63,  soda  .19,  lime 
.7,  magnesia  .18,  phosphoric  acid  .26,  sulphuric  acid  .16,  silica  .16,  chlorine 
and  fluorine  .19. 

The  composition  of  the  ash  of  trees  certainly  does  not  of  itself  afford  suf- 
ficient data  to  determine,  with  anything  like  certainty,  which  fertilizing 
constituents  or  manuring  mixtures  should  be  applied  to  the  various  trees 
in  order  to  produce  the  largest  yield  of  fruit.  A  knowledge  of  the  composi- 
tion of  the  ashes  of  trees,  however,  gives  us  warning  that  our  trees  will  be- 
come unhealthy  if  the  soil  on  which  they  are  grown  is  either  wanting  or 
contains  insufticient  quantities  of  one  or  more  of  the  ash  constituents  neces- 
sary for  the  growth  of  the  tree.  Often  the  amount  of  growth  is  sought  to 
be  increased  by  the  addition  of  ammonia  when  really  the  soil  may  be  starv- 
ing for  mineral  food.  An  excess  of  ammonia  over  the  proper  proportion 
of  mineral  constituents  does  not  enter  into  the  growth  of  the  tree,  or  in 
other  words,  as  before  stated,  the  increase  in  growth  in  a  tree  is  propor- 
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tional  to  the  mineral  elements  of  nutrition  present  in  the  soil  in  a  soluble 
or  available  form,  and  an  excess  of  ammonia  will  not  supply  this  defi- 
ciency. The  aim  should  be  to  apply  enough  and  just  those  elements  that 
will  increase  assimilation  ortnineral  constituents.  Often  the  increase  of 
mineral  food  may  prove  effectual  far  beyond  the  increase  of  nitrogenous 
matters,  but  the  effect  wiU  depend  most  closely  upon  the  amount  of  CO, 
and  solar  energy  available  for  use,  and  the  reverse  must  be  remembered, 
solar  energy  is  limited  by  the  amount  of  soil  materials  present.  Endeavor 
also  to  use  salts  of  those  acids  which  are  present  in  the  least  quantity  in 
the  soil.  The  effect  of  the  addition  of  ammonium  salts  is  not  what  NH, 
would  be,  for  they  contain  an  acid  which  acts  on  the  constituents  of  the 
soil  and  renders  the  earthy  phosphates  more  soluble  in  water. 

Experiment  shows  that  trees  die  if  the  supply  of  mineral  food  is  ex- 
hausted, even  though  they  be  still  supplied  with  organic  food  in  abund- 
ance. It  must  be  remembered  that  the  roots  of  trees  go  down  deep  in  the 
soil  and  bring  to  the  surface  much  that  would  not  be  available  were  or- 
dinary crops  grown  on  the  field. 

An  experiment  made  by  George  Yille  will  show  the  effect  of  fertilizers 
upon  vegetation.  The  plant  taken  for  the  investigation  was  hemp.  The 
characters  of  the  plant  taken  into  consideration  are  color,  stature,  weight : 
''Seven  soils  were  used.  First,  intense  manure  (100  kilos  of  N);  second, 
complete  manure  (75  kilos  of  N);  third,  manure  without  nitrogen ;  fourth, 
manure  without  phosphates ;  fifth,  manure  without  potash ;  sixth,  manure 
without  lime,  and,  seventh,  soil  without  manure.  Plants  treated  with  in- 
tense manure  were  of  the  deepest  green,  height  1.25  metres,  weight  11.22 
kilos;  complete  manure,  height  1.20  metres,  weight  11.15  kilos,  color  less 
deep ;  manure  without  N,  height  .61  metres,  weight  4.74  kilos,  color  yel- 
lowish green  ;  manure  without  phosphates,  height  .97  metres,  weight  8.22 
kilos,  color  medium  green;  manure  without  potash,  height  .40  metres, 
weight  5.22  kilos,  color  light  yellowish  green ;  manure  without  lime,  height 
1.15  metres,  weight  10.57  kilos,  color  slightly  paler  than  those  without 
phosphates;  plants  in  unmanured  soil,  height  .18  metres,  weight  2.17 
kilos,  color  pale  green." 

This  experiment  gives  us  a  fair  knowledge  of  the  effect  of  different  fertil- 
izers, and  may  be  of  some  aid  in  the  selection  of  those  intended  to  be  used 
on  orchard  land. 

The  object  of  this  investigation  has  been  to  place  at  the  disposal  of  the 
fruit  grower  some  definite  knowledge  of  the  drain  upon  his  orchard  land 
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and  also  to  give  him  an  idea  of  how  much  and  what  mineral  constituents 
he  must  apply  from  year  to  year  to  meet  the  demands  of  a  thrifty  tree. 

The  writer  is  indebted  to  Prof.  G.  C.  Caldwell,  of  Cornell  University,  for 
the  material  and  assistance  that  enabled  him  to  carry  on  this  investigation 
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Our  present  knowledge  of  the  distribution  of  pteridopiiytes  in  Indiana. 
By  Lucien  M.  Underw(X)I). 
The  purpose  of  this  paper  is  not  primarily  to  convey  any  new  informa- 
tion although  it  contains  reference  to  some  plants  not  hitherto  reported 
from  this  state;  nor  for  the  purpose  of  criticizing  what  has  hitherto 
been  accomplished  though  it  notes  the  necessity  of  cutting  out  some  of 
the  plants  reported  from  the  state  that  never  belonged  to  its  flora.  Its 
purpose  is  rather  to  indicate  the  paucity  of  information  we  have  at  hand 
regarding  the  distribution  of  even  the  best  known  groups  of  plants ;  to 
indicate  the  extensive  portions  of  the  state  that  are  practically  untouched 
by  the  hand  of  the  collector ;  to  indicate  how  futile  and  useless  it  is  to 
publish  or  even  make  manuscript  lists  of  the  plants  of  any  region  and 
leave  nothing  to  represent  this  information  aside  from  a  mental  recollec- 
tion or  a  printed  or  written  line ;  to  outline  the  limits  of  our  definite  in- 
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f onnation  and  to  indicate  the  directions  in  which  future  observationB  may 
be  made  useful  if  accompanied  by  vouchers  that  will  enable  one  to  verify 
the  accuracy  of  the  information  at  any  future  time. 

The  fern  flora  of  Indiana  seems  meagre  to  one  familiar  with  the  profu- 
sion that  is  manifested  in  many  other  parts  of  the  country.  For  ferns  to 
flourish  there  must  be  more  uniformity  of  moisture,  and  less  irregularity 
of  season  than  have  been  manifested  in  this  state  in  recent  years.  A  cli- 
mate interrupted  by  long  periods  of  drought,  swamps  that  lose  their  water 
during  summer,  a  soil  that  is  constantly  being  gullied  by  rains  that  flow 
away  quickly  from  the  surface,  or  areas  that  are  likely  to  be  covered  by 
the  alluvium  of  rivers  at  times  of  high  water— these  are  not  the  condi- 
tions under  which  ferns  reach  a  high  state  of  development  in  either  luxu- 
riance or  variety.  The  ravines  along  the  streams  where  some  moisture  is 
always  present,  furnish  the  richest  stations  were  ferns  may  be  found 
within  our  limits ;  permanent  swamps  will  also  furnish  their  quota  but  the 
variety  is  there  less  than  the  profusion  of  certain  species. 

There  are  just  50  species  of  Pteridophytes  that  now  stand  on  the  state 
list  either  verified  or  with  more  or  less  probability  of  verification.  Of 
these,  thirty-three  are  members  of  the  order  Filices,  and  the  remaining 
seventeen  are  distributed  among  the  five  related  orders.  Of  the  fifty  spe- 
cies, we  have  verified,  either  by  consultation  of  accessible  herbaria  or  by 
personal  collection  during  the  past  season,  all  but  ten,  as  follows :  Onoclea 
Struthiopteris,  Phegopteris  dryopteris,  Cheilanthes  vestita,  Equisetum  syl- 
vaticum,  E.  laevigatum,  E.  robustum,  E.  variegatum,  Lycopodium  ob- 
scurum,  L.  inundatum,  and  Selaginella  rupestris. 

Certain  species  have  been  credited  to  the  state  that  were  based  on  errors 
of  determination.  Among  these  Dryopteris  Filixmaa  (Aspidium)  is  most 
prominent ;  this  has  been  variously  confused  with  D.  Noveboracensis  and 
eepecialy  with  D.  spinulosa.  Its  range  from  Lake  Superior  northward 
precludes  its  being  found  in  Indiana.  Phegopteris  polypodioides  was  as- 
serted by  one  correspondent  to  be  found  in  Jefferson  county  and  he  rein- 
forced his  statement  by  the  announcement  that  the  plant  had  been  de- 
termined at  Cambridge.  On  sending  for  the  plant  I  found  it  to  be  only  a 
young  plant  of  P.  hexagonoptera,  and  not  a  very  complete  sjpecimen  at 
that.  Lycopodium  Selago  was  reported  by  two  collectors  from  Putnam 
county,  but  the  plant  growing  there  is  L.  lucidulum,  of  which  the  rock 
forms  bear  a  more  or  less  striking  resemblance  to  that  alpine  species.  Bo- 
trychium  lunaria  as  printed  in  the  list  of  plants  of  Dearborn  county  was  a 
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misprint  for  B.  lunarioides .  as  I  learn  from  Dr.  CoIUds  himself. 

Cheilanthes  vestita  was  placed  in  the  state  list  from  Gibson  county,  pre- 
sumably on  the  authority  of  Dr.  Schneck's  Wabash  flora,  but  in  a  recent 
letter  Dr.  Schneck  informs  me  that  it  does  not  grow  in  his  vicinity  but 
farther  to  the  southwest  in  Illinois.  There  is  therefore  no  certainty  that 
it  belongs  to  our  flora. 

The  only  other  doubtful  plant  is  Equisetum  sylvaticum,  which  seems 
out  of  place  in  southern  Indiana.  No  specimens  of  the  original  collection 
were  saved  as  is  too  commonly  the  case  in  the  construction  of  local  floras. 

The  published  state  catalogue*  may  be  taken  as  a  datum  line  for  further 
reports;  the  additions  to  the  state  flora  since  its  publication  are  as  follows: 

1.  Dnjopteris  spinulosa  intermedia  (Muhl)  Underw.  Was  first  collected 
and  identified  by  W.  S.  Blatchley,  in  Monroe  county,  and  later  in  Vigo 
county.  G.  C.  Hubbard  collected  it  in  Putnam  county,  where  it  is  not 
uncommon. 

2.  Aaplenium  ebenoides  R.  R.  Scott.  A  single  spond  of  this  species  (sepa- 
rate from  the  main  specimen)  occurs  in  the  Wabash  College  herbariom 
collected  in  Jefferson  county,  by  J.  M.  Coulter.  It  is  a  rare  fern  and  by 
many  is  regarded  as  a  hybrid.  It  should  be  sought  where  its  supposed 
parents,  CamptowniH  and  Asplenium  platyneuron,  occur. 

3.  Et/uiseimn  laengaium  A.  Br.  Is  reported  by  Rev.  E.  J.  Hill,  from  Lake 
county,  and  its  distribution  is  likely  to  be  more  extensive,  as  it  might  be 
confused  somewhat  easily  with  E.  hyemale^  which  is  widely  distributed. 

4.  Lycopodium  lucidulum  Michx.  Was  first  collected  by  G.  C.  Hubbard 
and  D.  T.  McDougal,  at  Fern,  Putnam  county.  It  is  somewhat  common 
in  the  ravines  at  that  place. 

The  following  species,  which  appear  in  neighboring  states,  are  to  be 
looked  for  in  this  state : 

Cheilanthes  gracilis  (Fee)  Mett.     (C.  lanuginosa)    Illinois. 

Woodivardta  areolata  (L.)  Moore.     ( 1^.  angmstl folia)    Michigan. 

Dnjopteris  crialata  [Ij.)  A.  Gray    (Rang  includes  Indiana.) 

AKplenluDt  montanum  Willd.    Ohio,  Kentucky. 

Botrychium  matricarivcfolium  A.  Br.  Ohio.  There  would  seem  to  be  no 
reason  why  this  and  some  of  the  other  small  species  of  Botrychium  should 
not  be  found  in  this  state.  They  are  small  and  often  grow  in  grassy  woods 
and  are,  therefore,  easily  overlooked. 


Catalogue  of  the  Phacnogamous  and  vascular  (.'ryi>togamuu8  plants  of  Indiana,  by 
editors  oi  the  IJot.  Gazette  and  C.  R.  Barnes,  18^1. 
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LifcojHHlium  davaiuiii  L.  May  occur  on  some  of  the  higher  land  of  the 
state,  though  its  distribution  is,  in  general,  more  northerly. 

Species  of  Iweks  should  be  found,  especially  in  our  northern  lakes. 

Turning,  now,  to  the  counties  from  which  plants  of  this  group  have  been 
reported  we  find  that  from  only  31  counties  have  we  any  information 
whatever  and  from  a  number  of  these  only  one,  or  at  most,  a  few  common 
species.  From  a  half  dozen  we  have  reasonably  full  returns  and  these  are 
mostly  those  in  which  a  college  is  located  at  the  county  se^t.  Jefferson 
leads  with  31  species,  followed  by  Putnam  and  Monroe  with  27  each.  Clark 
stands  next  with  22  and  the  rest  are  20  or  mostly  much  less.  It  will  thus 
be  seen  that  fully  two-thirds  of  the  counties  of  the  state  have  not  been 
explored  botanically  and  represent  the  regions  into  which  missionary 
work  should  be  organized  by  the  Survey.  Of  those  that  have  been  ex- 
plored, certainly  less  than  a  dozen  are  even  fairly  well  known  in  their 
higher  or  vascular  flora. 

The  distribution  of  certain  species  has  more  than  a  local  interest ;  this 
is  specially  true  of  those  which  reach  their  northern  or  southern  limit  in 
the  i>tate.  Of  these  Pob/j)odiinn  polypodioides  (P.  incanum)  is  an  example  of 
southern  form  whose  northern  range  in  Indiana  as  known  at  present  is  in 
the  counties  of  Poeey,  Gibson,  Perry,  Floyd,  Clark  and  Jefferson.  It  is 
not  unlikely  that  this  range  will  be  considerably  extended  as  soon  as  some 
one  with  a  sharp  eye  goes  into  the  other  counties  of  the  southern  tiers.  It 
is  an  epiphytic  fern  growing  on  oaks  and  probably  other  trees.  Asplenium 
pinnaiifidum  is  another  southern  fern  which  so  far  has  been  found  only  in 
Gibson  county.  Of  the  northern  species,  Woodnardia  Virginica  is  only 
found  in  Lake  and  LaPorte  counties  and  will  probably  not  be  found  far 
from  the  borders  of  the  great  lake.  SelagineUa  rupestris  is  at  present  known 
only  from  Lake  county,*'  though  its  limits  are  likely  to  be  much  extended. 
The  various  species  of  lycopodium  are  likely  to  show  limited  northern 
range,  though  X.  complaiicUnm  has  been  found  since  the  publication  of  the 
state  catalogue  in  the  counties  of  Putnam  and  Monroe,  but  always  on  the 
northern  exposures  of  the  hills.  The  further  stations  of  any  of  our  lyco- 
podiums  is  a  matter  of  more  than  local  interest.  Among  other  species 
that  seem  to  have  a  restricted  range  we  have  Onoclea  strnthiopierU  reported 
only  from  Montgomery,  Phegopteris  driiopteri$  from  Allen,  and  Ai<plenium 

•The  reference  in  the  ^tate  catalogue  U)  (iibson  county  proyes  to  be  an  error,  as  the 
plant  thCMj  referred  to  turns  out  to  be  a  bepaiic.  The  Montgomery  county  station  also 
needs  veriticaliou. 
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el)ermdes  from  Jefferson.  While  all  these  need  further  verificatiou,  there 
is  no  reason  apparent  why  they  should  be  thus  limited,  though  the  last 
named  species  is  always  a  rare  and  local  find. 

In  preparing  this  paper  the  following  herbaria  have  been  examined : 
Purdue  University,  containing  22  Indiana  species,  many  collected  by  Dr. 
C.  R.  Barnes,  in  Jefferson  county ;  the  herbarium  of  G.  C.  Hubbard,  with 
24  species,  collected  mostly  in  Southern  Indiana ;  that  of  Wabash  College, 
with  25  species,  largely  collected  by  Dr.  J.  M.  Coulter;  that  of  DePauw 
University,  with  29  species,  collected  by  D.  T.  McDougal  in  Putnam  and 
by  W.  8.  Blatchley  in  Monroe  and  Vigo ;  and  that  of  the  writer  with  :55 
Indiana  species  collected  in  various  parts  of  the  state,  mostly  during  the 
present  season. 

Valuable  notes  have  also  been  sent  by  Rev.  E.  J.  Hill,  Dr.  J.  Schneck, 
W.  P.  Shannon,  W.  S.  Blatchley  and  Professor  A.  H.  Young.  It  is  hoped 
that  the  work  of  a  second  season  will  give  more  definite  and  fairly  com- 
plete information  regarding  the  distribution  of  critical  species. 


TiiK  AiiVBNTiTior.s  PLANTS  OF  Fayettk  <  ouxtv,  Ind.    By  Roiiert  Hesslkk. 

During  the  period  from  1881  to  189i)  the  writer  kept  a  close  watch  upon 
thefiowering  plants  of  Fayette  county,  noticing  particularly  the  arrival 
of  plants  commonly  regarded  as  weeds.  During  those  ten  years  there 
were  at  least  thirty-five  new  arrivals ;  of  these  twenty  appeared  along  the 
railroads,  ten  along  roadsides  and  waste  places,  four  in  meadows,  one  in  a 
cultivated  field.  Of  the  thirty-five,  seven  again  disappeared  after  a  year  or 
two,  eighteen  merely  held  their  own  or  spread  only  to  a  limited  extent, 
while  ten  have  swept  across  the  county  and  may  now  (/.  e,,  181H))  be  found 
almost  everywhere. 

A  brief  note  on  the  main  features  of  the  county  may  aid  in  better  under- 
standing t  he  changes  in  the  flora.  Fayette  county  is  almost  due  east  of 
the  capital  and  is  the  second  county  from  the  Ohio  state  line.  The  county 
was  for  merly  densely  wooded.  The  surface,  excepting  the  level  northwest 
portion,  is  rolling  and  in  places  even  hilly,  especially  along  the  southern 
boundary.  The  whole  surface  is  covered  by  drift.  The  county  is  divided 
from  north  to  south  by  a  broad  valley  through  which  the  White  Water 
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river  flows.  The  valley  has  a  black,  gravelly  soil  of  great  fertility.  (The 
White  Water  railroad  traverses  the  county  from  north  to  south ;  the  Lake 
Erie  &  Western  goes  north  from  Connersville.  The  Cincinnati,  Hamilton 
&  Indianapolis  crosses  the  county  from  east  to  west,  and  crosses  the  W. 
W.  R.  R.  at  Connersville,  and  at  a  dififerent  level.  I  mention  this  fact  be- 
cause it  has  some  bearing  on  the  distribution  of  weeds. 

In  the  following  notes  the  plants  are  given  in  the  order  of  arrival  by 
years.  The  first  two  years  are  grouped  together,  as  my  notes  do  not  allow 
me  to  dififerentiate.  At  that  time  I  did  not  get  over  the  county  so  much  as 
in  after  years,  and  some  of  the  plants  may  have  appeared  a  year  or  two  be- 
fore this  date.  After  the  vear  1882  I  traversed  the  ground  so  frequently 
that  I  am  sure  the  dates  given  for  the  arrival  of  new  species  are  correct. 
The  nomenclature  is  that  of  the  last  revised  edition  of  Gray. 

The  following  nine  plants  were  seen  during  the  years  1881  and  1882,  that 
is,  when  I  first  began  botanizing  systematically. 

Echiiwspennwn  Lappula,  seen  along  the  W.  W.  R.  R.  near  Connersville. 
The  patch  has  increased  only  slightly,  not  inclined  to  spread  much. 

Armaria  serpyUifolia,  a  small  plant  first  seen  along  the  W.  W.  R.  R.  below 
town.  Now  very  common  in  sandy  or  gravelly  soil.  Not  given  in  Coul- 
ter's catalogue  of  the  plants  of  Indiana. 

Potentilla  Norvegica^  occasionally  seen  in  meadows,  and  is  now  ralher 
common. 

Medicago  Itipulina,  seen  along  the  C,  H.  <&  I.  west  of  town,  is  now  fre- 
quently seen  along  the  railroads  and  roadsides. 

Dywdia  chrt/santhemoufe^y  seen  in  the  locality  near  the  last,  and  is  now 
common  throughout  the  county. 

Otranium  Cardinianum,  along  the  W.  W.  R.  R.  below  town,  and  now 
along  the  whole  line. 

VerhejM  officinalis,  along  roadsides  west  of  town,  now  frequently  seen  in 
the  valley. 

Montelia  tufjerculata  (var.  mhnuda),  first  seen  along  the  C,  H.  &  I.  R.  R. 

» 

east  of  town,  now  common  along  that  road  and  frequent  in  the  valley. 

CroUm  monanthogynm  shows  the  rapid  spread  of  a  new  arrival.  In  1882  a 
small  patch  was  first  seen  a  few  miles  below  town  in  an  isolated  meadow 
near  a  creek.  The  next  year  it  appeared  along  the  W.  W.  R.  R.  Two 
years  later  it  could  be  found  throughout  the  White  Water  valley,  or  where- 
ever  there  was  dry  gravelly  or  sandy  soil. 

Beginning  with  the  year  188;?  I  can  give  a  definite  date  for  each  species. 
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Ab  I  have  already  stated,  I  went  over  the  ground  so  frequently  that  I 
am  sure  the  plants  did  not  exist  before  the  date  given.  The  only  excep- 
tions to  this  statement  are  in  the  case  of  the  Balm  and  Poiwn  ffemlock,  these 
grew  in  isolated  places  not  frequently  visited. 

1883. 
Cassia  Chamaecrista^  appeared  along  the  W.  W.  R.  R.  south  of  town,  now 
fre(]uent  along  all  the  railroads. 
'  Chrijianilieinum  leunanthaniim^  the  Ox-eye  daisy,  in  a  meadow  near  town, 
now  frequently  seen. 

1884. 

Lactuca  scariohi,  a  rank  weed,  AV.  W.  R.  R.  in  city,  spread  rapidly  along 
this  railroad  and  is  now  very  common  along  it. 

Xicandra  pluisalokle*,  appeared  in  a  corn  field  near  the  railroad  south  of 
town,  disappeared,  again  reappeared  in  1888  and  again  disappeared. 

Eragrostis  major  (and  perhaps  also  E,  minor)  ^  the  only  addition  in  the 
grasses  appeared  along  the  \V.  VV.  R.  R.,  above  town. 

18S5. 

Gaura  biennis  in  a  waste  place  near  town,  now  occasionally  seen  along 
the  W.  W.  R.  R. 

Verbena  bracteonta,  along  roadsides  east  and  west  of  town,  mainly  on  up- 
lands, seldom  seen  in  the  valley. 

Lithonpermam  arvnisej  the  so-called  Wheat-thief,  along  W.  W.  R.  R,,  south. 
All  plants  seen  were  destroyed,  but  it  reappeared  the  next  year.  Now 
common  along  the  railroads,  but  as  yet  rare  in  fields  or  meadows. 

Solanum  Carolinensey  seen  along  the  C,  H.  &  I.  It.  R.,  east,  and  destroyed; 
none  seen  for  two  years.    It  is  now  frequently  seen. 

188(). 

Melilotm  a/6o,  the  sweet  clover,  appeared  along  the  C,  H.  &  I.  R.  R.,  west 
of  town.    It  is  now  a  very  common  and  rank  weed. 

Solidago  lanc^olata,  along  roadsides  just  west  of  town;  not  inclined  to 
spread. 

lii'dbecHa  laciniaiay  a  tall  cone-flower,  appeared  in  the  valley,  and  is  ap- 
parently just  holding  its  own ;  is  not  spreading. 

Melimi  officinalis,  the  Balm,  is  no  doubt  an  escape  from  a  garden.  Not 
spreading. 

Vtrbcjia  )<trirta,  first  seen  along  the  W.  W.  R.  R.,  south  of  town ;  now  fre 
quent  along  this  road  and  occasionally  seen  along  the  other  railroads. 
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1887. 

This  year  was  the  banner  year  for  new  arrivals,  as  nine  new  species  ap- 
peared. 

Coninm  mcbculatum^  a  few  individuals  of  this  rank  poisonoas  plant  were 
seen  near  a  dwelling  in  an  isolated  region.  I  do  not  know  its  ultimate 
fate.    No  other  specimens  were  found. 

SctpoTxaria  vaccaria  appeared  in  considerable  numbers  west  of  town  along 
the  C,  H.  <&  I.  R.  R.  This  is  an  annual  plant.  It  appeared  for  one  season 
only. 

(Erwthera  ninnatay  a  few  plants  were  found  a  few  miles  east  on  the  C,  H. 
&  I.  R.  R.    Three  years  later  it  had  entirely  disappeared. 

Oaura  cocdnea,  a  far  western  species,  appeared  near  the  last,  and  after  a 
few  years  died  out. 

Rudbeckia  8pmoj<a,  a  small  patch  of  this  showy  cone-flower  was  found  in 
a  wet  meadow  away  from  all  lines  of  travel.  This  ])atch  is  gradually  in- 
creasing and  when  in  full  bloom  presents  a  beautiful  appearance.  This 
plant  is  not  reported  in  Coulter's  Catalogue. 

Cnicng  arvenxiSf  the  Canada  thistle,  appeared  at  the  C,  H.  &  I.  R.  R. 
station.  The  attention  of  the  railroad  company  was  called  to  the  presence 
of  this  pest  and  all  specimens  were  thoroughly  destroyed.  It  has  not  been 
seen  since. 

Plantago  lanceolnta  had  been  frequently  seen  in  the  county  below  us,  but 
not  until  1887  did  we  find  it  in  Fayette  county.  It  is  now  a  very  common 
weed. 

Euphorbia  dentata^  a  few  plants  appeared  for  a  season  along  the  W.  W.  R. 
R.,  a  mile  or  two  below  town.    Has  disappeared  entirely. 

Ilyjyericxim  perforatum,  a  single  plant  was  found  along  a  roadside  west  of 
town ;  it  was  destroyed  at  once. 

1888. 

Melilotus  officinaliAy  the  yellow  sweet  clover,  appeared  along  the  C,  H.  cS: 
I.  R.  R.,  in  town. 

J  889. 

Plantago  Virginica  was  found  quite  abundantly  along  the  Ft.  Wayne  R.R., 
and  the  next  year  was  quite  common  along  all  the  railroads  in  the  valley. 

1890. 
Very  little  botanizing  was  done  this  year  and  only  one  new  species 
was  found.    Two  or  three  specimens  of  the  false  llax,  Comelina  saiivaf  ap- 
peared along  the  W.  W.  R.  R.  below  town. 
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NEW    I»LAXT8   NOW    COMMON. 

Out  of  the  thirty-five  new  arrivals,  the  following  nine  have  taken  the 
county  by  storm — that  is,  they  are  now  very  common : 

Arenaria  serpyllifolia.  Lactuca  scariola. 

Croton  monanthogynuB.  Melilotus  ^Iba. 

Dysodia  chrysanthemoidee.  Plantago  Virginica. 

Chrysanthemum  leucanthemum.  Plantago  lanceolata. 

Lithospermum  arvense. 


Some  evolution  amoxcj  ca(ti.    By  John  M.  Coulter. 

[Abstract.] 

The  nascent  tubercles  of  EumamiUaria,  Cort/phanUia,  EchinocactuSf  Ana- 
haloniuyn  and  Lopho}fhora,  show  in  their  generic  characters  perfectly  inter- 
grading  characters,  which  serve  to  clear  up  certain  homologies  and  rela- 
tionships. 


PHYSICS  AND  CHEMISTBY. 


Perman(;anic  acid.    By  Tiios.  C.  Van  Ncys  and  Sherman  Davis. 

It  is  the  purpose  of  this  investigation  to  work  out,  if  i>ossible,  I.  The 
exact  conditions  under  which  permanganic  acid  or  its  salt  undergoes  spon- 
taneous decomposition.  II.  Whether  it  is  effective  as  an  oxidizing:  agent 
in  the  decomposition  of  organic  matter. 

I.  For  determining  the  exact  properties  of  the  acid  or  its  salt,  the  fol- 
lowing plan  was  adopted.  Glass  tubes,  about  30  mm.  and  30  cm.  long 
were  sealed  at  one  end  and  carefully  annealed.  They  were  then  filled 
with  a  strong  HoS(  )4  sol.  of  potass,  permanganate  and  heated  to  lOO^C.  for 
12  hrs.  This  treatment  completely  removed  any  organic  matter  adhering 
to  them.  The  distilled  water  was  purified  by  boiling  a  strong  H2SO4  sol. 
of  potass,  permanganate,  with  a  condensing  apparatus,  for  some  time  and 
then  distilling  the  second  time  with  KMnOi.  The  I^aOH  used  in  making 
the  standard  alkali  sol.  was  prepared  from  the  pure  metal  and  abso- 
lutely pure  water.    The  tubes  were  then  carefully  rinsed  with  the  C.  P 
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water  and  made  ready  for  use.  After  introducing  a  definite  quantity  of 
the  .standard  sol.  of  potass,  permanganate  from  a  burette,  graduated  to  j^if 
cc,  and  a  definite  amount  of  the  acid  or  alkali,  the  tubes  were  sealed,  then 
cooled  gradually  to  anneal  them.  When  cold,  the  tubes  were  well  shaken 
to  mix  the  fiuid  and  then  introduced  into  a  copper  bath  4  in.  wide  and  15 
in.  long.  When  working  at  100°C.  pure  water  was  used  to  fill  the  bath ; 
for  higher  temperatures  aniline  was  used.  We  found  aniline  preferable  to 
paraffin  because  the  heat  diffused  through  it  more  readily  and  uniformly. 
Many  conditions  were  tried  to  determine  if  possible  all  the  factors  which 
enter  into  the  problem.  From  the  data  obtained  there  seem  to  be  four 
primary  factors  which  influence  the  spontaneous  decomposition  of  perman- 
ganic acid.  1.  The  quantity  and  kind  of  acid  or  alkali  used.  2.  Time  of 
heating.  3.  Temperature.  4.  Dilution.  This  is  shown  by  the  following 
data:     I.  Quantity  and  kind  of  acid  used: 


Per  cent. 
Dec. 


lOO^C 


KMnO* 

No. 

n 

so,- 
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Z       ^?^*"'KMnO, 
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n 
•> 

X 

10 
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X 

lOcc 

12.00 
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3 

2 

X 
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2.22 
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4 

2 

X 
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12.00 
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8cc 

5 

o 

X 
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12.00 
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1 

lee 

X 
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X 
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12.00 
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3 

Ice 

X 
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2hr 
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Orthophosphoric  acid  shows  less  decomposition. 
II.    A.    Time  of  heating. 


n 

KMnO^ 

• 

No. 
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n 
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n 
10 
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3 
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4 
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X 
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By  using  4-6-8cc  of  acid  with  constant  time,  temp,  and  dilution,  we  find 
the  percent,  decomposition  is  almost  exactly  proportional  to  the  (luantity 
of  acid  used.    It  may  be  represented  by  the  curve  A. 

By  using  constant  acid  and  dilution  and  temp,  the  per  cent,  decomposition 
is  approximately  proportional  to  the  tiinr  of  heating.  Its  curve  is  therefore 
the  same  as  that  for  the  acid  decomposition  B.  with  NaOH. 
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The  NaOH  sol.  of  permanganic  acid  is  much  more  stable  under  like  con- 
ditions than  the  H^S04  sol.    This  is  shown  by  the  following  data: 


No. 

1 

2 
3 

NaOH 

1 

1 

iKMnO* 

1 

Oxal.  A. 

12.00 
12.00 
12.00 

KMnO, 

Time. 

1 
Water. 

Per  cent. 
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lOOX 

2cc 
2cc 
2cc 
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10  00 
10  00 
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2.02 
2.00 

1  hr           S 
Ihr           8 
Ihr           8 

0.2 

1 
2 
3 

4cc 
4cc 
4cc 
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10.00 
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12  00 
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1  2.05 
2.12 
2.05 

Ihr  1        8 
Ihr          8 
Ihr  !        8 

0.7 

(J 

(> 
0 

10.00 
10.00 
10.00 
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12.00 
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12.00 
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1.05 
2  01 
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Ihr 
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8 
8 
8 
8 

0.2 

From  these  data  we  see  that  the  amount  of  decomposition  is  within  the 
limit  of  error  in  manipulation,  for  the  time  and  temp.  used. 

By  increasing  the  time  to  2  hr.  and  dilution  to  50cc  there  is  no  appreci- 
able increase  in  the  amount  of  decomposition. 

If  the  temp,  be  raised  to  175°C,  the  other  conditions  remaining  constant, 
the  dec.  rises  to  2  per  cent. 


3 


NaOH 


KMn04 


100 
100 
1(X) 


Oxal.  A  KMnO* 


I 


12.00 
12.00 
12.00 


Time. 


2.20  :  1  hr 
2.20  I  1  hr 
2.20     1  hr 


Dll. 


Temp.  175 


34  ! 

34   Per  cent.  2  yj^ 

34  ' 


In  all  these  cases  we  have  used  a  ^^  ^or.  sol.  KMn04 ;  if  j  J  j^  l>e  used  the 
decomposition  especially  with  HgSO^  is  much  greater. 

II.  In  studying  the  oxidation  properties  of  the  NaOH  sol.  we  followed 
the  outline  given  by  Lentz.  We  lind  that  by  using  a  Nor.  sol.  NaOH,  a  ^ 
Nor.  KMn04  Sol.  and  diluting  to  a  definite  volume— lOOcc— the  oxidizing 
properties  of  this  acid  is  much  greater  than  shown  by  him.  We  succeeded  in 
oxidizing  07  per  cent,  of  a  standard  sol.  of  grape  sugar,  even  under  secondary 
conditions  and  obtained  constant  results  in  each  case.  The  work  on  oxi- 
dation has  not  been  developed,  but  it  appears  from  what  has  been  done, 
that  this  method  with  the  standard  NaOH  sol.  and  the  sealed  tube  can  be 
made  to  completely  oxidize  such  substances  as  sugar  and  glycerine. 


265 

Detection  of  hydrocyanic  acid  in  traces.     By  Thos.  C.  Van  Niys  and 
Sherman  Davik. 

The  detection  of  HCN  in  traces  in  the  presence  of  hydroferro-  and  hydro- 
ferricyanic  acid,  according  to  the  method  of  Otto,  is  attended  ^ith  many 
difficulties.  In  our  laboratory  practice  we  have  failed  to  find  it  suffi- 
ciently delicate  and  reliable.  The  distillation  at  50,  GO,  or  even  at 
80  per  cent,  often  fails  to  drive  over  the  free  hydrocyanic  acid.  Asa  sub- 
stitute for  this  method  we  cheerfully  recommend  the  following  method : 

I.    When  a  large  quantity  of  organic  matter  in  a  coarse  condition  is 
present,  introduce  it  into  a  fine-meshed  silk  seive.    Moisten  it  all  over 
with  a  10  per  cent.  sol.  tartaric  acid  and  wash  into  a  500cc.  cylinder,  glass 
stoppered,  with  distilled  water,  until  the  total  vol.  amounts  to  200-250cc. 
If  the  organic  matter  is  very  finely  divided,  introduce  the  substance  at 
once  into  the  cylinder,  dilute  with  water  to  200cc.    Make  acid  with  a  10 
per  cent.  sol.  tartaric  acid,  add  lOOcc.  ethyl  ether,  and  shake  the  mixture 
for  some  time.    Let  the  ether  separate  and  pipette  it  ofi*  into  an  eva])or- 
ating  dish.    Kepeat  the  process  of  extracting  with  the  ether,  the  second, 
and  if  necessary,  the  third  time,  using  smaller  quantities  of  ether.    Unite 
the  ether  extracts.     Render  the  ether  sol.  sHghtly  alkaline  with  an  alco- 
holic solution  of  KOH,  stir  very  thoroughly,  and  allow  the  ether  to  evap- 
orate ifpontaneoudy.    This  leaves  the  trace  of  hydrocyanic  acid  in  combi- 
nation with  potash,  as,  a  fixed  salt.    Transfer  the  residue  from  the  ether 
extract  to  a  large  test  tube.    The  tube  should  be  provided  with  a  stopper 
with  double  ])erf orations.    Through  one  pass  a  nell  fitting  glass  tube,  and 
terminate  it  at  the  under  surface  of  the  cork ;  through  the  other  perfora- 
tion pass  a  well  fitting  glass  tube  whose  lower  end  is  drawn  out  to  a  very 
fine  point,  and  let  it  extend  to  the  bottom  of  the  tebt  tube.    Connect  the 
tube  which  reaches  to  the  bottom  of  the  test  tube  with  a  hydrogen  gener- 
ator.   The  other  and  shorter  tube  is  connected  with  a  Liebig*s  bulb  con- 
taining 25cc  of  a  mixture  of  ;^>  pts.  of  yellow  amononia  sulphid  and  one  pt. 
NH4OH.    Make  the  ether  residue  in  the  test  tube  acid  with  tartaric  acid. 
Make  the  connections  as  above  described,  and  pass  a  slow  stream  of  hy- 
drogen through  the  sol.  for  30-45  min.    Break  the  connection  after  the  gas 
has  passed  sufficiently  long,  transfer  the  am.   sulphide  sol.  to  a  large 
watch  glass,  and  allow  it  to  evaporate  high  over  a  free  fiame.     By  this  pro- 
cess the  hydrocyanic  acid  which  passes  over  with  the  hydrogen  gas  is 
transformed  into  am.  sulphocyanate.     When  the  am.  sulphide  sol.  has 
been  completely  decomposed  by  evaporation,  take  up  with  distilled  water 
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(lOcc),  filter  through  a  small  filter,  if  necessary,  and  test  the  sol.  for  am. 
sulphocyanate  with  ferric  chloride.  By  this  process  we  have  succeeded  in 
finding  one  part  of  hydrocyanic  acid  in  200,000  parts  of  water  and  organic 
matter.  The  method  is  especially  recommended  in  cases  of  toxic  analysis, 
where  the  ferro  and  ferri-cyanides  may  be  present. 


1.4  DIAMIXO-CYCLOHEXANE.      By  W.  A.  NOYES  AND  IT.  H.  BaLLARD. 

[AB.STRACT.J 

The  chloride  was  prepared  from  succinylosuccinic  ester  by  saponification 
with  sulphuric  acid  formation  of  the  dioxime,  and  reduction  with  so- 
dium and  alcohol.  Solutions  of  a  mixture  of  equivalent  quantities 
of  the  amino-chloride  and  sodium  nitrite  evolve  on  heating  nearly 
two  atoms  of  nitrogen^  The  same  is  true  of  a  solution  of  the  amino 
nitrite,  prepared  by  adding  silver  nitrite  to  the  amino  chloride. 

The  products  of  the  reaction  as  deduced  from  their  chloroplatinates 
are  1.4  amino-hydroxy-cyclohexane  and  J'  tetrahydro-aniline. 


On  a  case  of  stkreo-isomerism  in  the  hydrazones  of  benzoin.  By  Alex- 
ander Smith. 

Only  four  or  five  cases  of  isomerism  have  as  yet  been  discovered  among 
the  hydrazones.  In  each  case  the  two  isomers  arc  made  in  a  similar  man- 
ner and  possess  similar  chemical  properties,  indicating  identity  in  consti- 
tution. In  each  case,  however,  the  isomers  may  be  distinguished  by  dif- 
ference in  solubility,  melting  point  and  stability.  The  two  hydrazones  of 
benzoin  described  in  this  paper  are  related  to  each  other  in  the  same  way, 
and,  therefore,  fall  into  line  with  the  previously  described  cases. 

Both  are  formed  when  benzoin  and  phenylhydrazine  are  heated  in 
alcoholic  solution,  while  the  ^9-hydrazone  alone  is  produced  when  the  in- 
gredients are  heated  without  any  solvent. 

The  a-hydrazone  melts  at  158°-15f)°,  is  very  stable  in  compsurison  with 
the  other  variety,  and  is  only  one-fourth  as  soluble  in  alcohol. 


The  ^5-hydrazone  melts  at  106°,  and  is  easily  decomposed,  even  by  pro- 
longed heating  with  alcohol. 

According  to  Hantsch  &  Werner's  theory,  they  should  receive  the 
formula? : 

C,  H5-C-CH  (OH)-C«  H,  C,  H,~-C-CH  (OH)-Ce  H. 

II 


C,  H,  HN— N  N-NH  Cg  H^ 

a-Hydrazone —  ^S-Hydrazone~ 

Stable.  M.  P.  158°-15f)°.  Unstable.  M.  P.  10(3°. 


Camphoric  acid.    By  \V.  A.  Noyes. 

[Abktract.] 

When  methyl  sodium  camphorate  is  treated  with  phosphorus  oxy chlor- 
ide and  the  product  obtained  is  treated  with  ammonia,  an  amide  having  the 

^C02CH3 
formula  C^H  ^  4  (;  is  obtained.    When  this  amide  is  treated  with  a 

^CONH-, 

solution  of  sodium  hypobromite,  an   amine,  probably  of  the  formula 


/ 


CO.CH 


2V/AX3 


ChH^.^  is  obtaihed.    The  study  of  these  compounds  is  still  in 

^NH2 

progress,  and  it  is  hoped  that  others  may  be  obtained  from  them  which 

will  throw  new  light  on  the  structure  of  camphoric  acid. 


The  detection  op  .strychnine   in  an  exhumed  human  body.    By  W.  A. 

NOYES. 

[Abstract.] 

The  stomach,  liver,  and  a  portion  of  the  intestines  of  a  child  were  sub- 
mitted for  examination  on  April  26th  of  this  year.  The  child  died  on 
June  23d,  1892,  and  was  buried  the  following  day.  The  body  was  exumed 
on  April  25th,  1893.  A  small  amount  of  strychnine  was  recovered  and 
was  identified  by  the  reaction  with  potassium  pyrochromate  and  sulphu- 
ric acid,  by  the  bitter  tiiste,  by  the  crystalline  form,  by  the  crystals  ob- 
tained from  the  chloride  with  potassium  chromate,  and  by  the  effect  of  a 
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small  portion  on  a  small  frog,  The  frog  died  after  developing  the  tetanus 
characteristic  of  strychnine  poisoning.  The  case  is  of  interest  because 
of  the  length  of  time  which  elapsed  before  the  body  was  exumed,  there 
being  few,  if  any,  cases  recorded  where  strychnine  has  been  found  in  an 
exhumed  body  after  so  long  a  time ;  also,  because  a  considerable  portion 
of  the  strychnine  was  retained  in  the  fatty  matter  and  required  different 
means  from  those  usually  employed  for  its  separation.  A  full  account  of 
the  case  will  appear  in  the  Journal  of  the  American  Chemical  Society. 


The  AHsoRPi'iox  of  i»oisox  by  dead  animal  tissue.     By  P.S.  Baker. 

The  alarming  frequency  of  the  criminal  use  of  arsenic  has  led  to  the  study 
of  its  effects  on  the  bodies  of  living  and  dead  animals. 

There  has  been  reason  to  believe  that  arsenic  was  introduced  into  the 
bodies 'of  men  after  death,  and  that  involved  the  investigations  of  the 
courts  in  more  or  less  confusion.  Inquiries  have  therefore  been  made  as 
to  whether  arsenic  may  or  may  not  be  absorbed  by  the  corpse  from  ex- 
ternal sources,  and  the  answers  to  these  inquiries  have  never  been  satis- 
factory. 

The  author  has  found  by  numerous  experiments  on  cats  that  arsenic  in- 
jected under  the  skin,  from  twenty  to  thirty  minutes  after  death,  will 
penetrate  to  the  internal  organs ;  but  if  the  injection  be  made  later  than 
seventeen  hours  after  death,  it  could  not  be  found  in  the  internal  organs. 

The  work  is  still  in  progress  to  answer  several  questions  involved  in  the 
study. 


On  the  variation  ok  strength  ok  timber  at  different  parts  of  the  cross 

SECTION  OK  THE  TREE.      Bv  PROK.  T.  GrAY. 

[  ABSTRA*  T.j 

In  Bulletin  No.  8,  of  the  Forestry  Division  of  the  V,  S.  Department  of 
Agriculture,  Prof.  J.  B.  Johnston  refers  to  this  subject  in  connection  with 
a  series  of  tests  on  long-leafed  pine.  Prof.  Johnston's  experiments  showed 
a  variation  of  about  12  per  cent,  of  the  average  tensile  strength,  the  maxi- 
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mum  being,  for  butt  logs,  at  least,  about  one-third  of  the  radius  from  the 
center  of  the  tree. 

A  few  weeks  ago  while  making  some  tests  of  the  strength  of  burr  oak 
and  white  oak,  I  was  rather  surprised  to  find  a  variation  of  tensile  streitgth 
of  much  greater  amount  than  that  obtained  by  Prof.  Johnston  for  pine. 
In  the  case  of  the  white  oak  the  strength  varied  from  12,000  pounds  per 
square  inch  at  about  one  and  a  half  inches  from  the  surface  of  the  tree  to 
about  24,000  pounds  per  square  inch  at  a  similar  distance  from  the  center. 
The  log  was  about  ten  inches  radius  and  the  variation  was  nearly  uni- 
form from  the  outside  to  the  center.  The  burr  oak  showed  a  similar  vari- 
ation, but  unfortunately  the  record  of  some  of  the  tests,  taken  when  I 
was  unable  to  attend  personally  to  the  matter,  have  been  lost.  I  have 
since  made  similar  tests  on  water  oak  and  on  red  oak.  The  results  in  the 
water  oak  show  no  decided  variation  across  the  sections.  The  average 
strength  was  about  14,CKX)  pounds  per  square  inch,  and  as  nearly  uniform 
as  is  to  be  expected  in  tests  of  timber.  The  red  oak  was  also  much  more 
nearly  uniform  in  strength  across  the  sections  than  the  white  oak,  but  in 
this  case  there  was  good  evidence  that  the  outside  wood  was  the  stronger, 
especially  on  the  side  of  the  tree  which  had  the  larger  growth.  The  vari- 
ation in  this  case  was  from  about  15,000  pounds  on  the  square  inch  at  the 
center  to  18,000  pounds  on  the  square  inch  at  the  outside.  The  stronger 
timber  was,  however,  in  this  case,  confined  to  about  three  inches  of  the 
outer  end  of  the  radius. 


Ox  AN  AUTOGRAPHIC    METHOD    OF   TE.STIN<i    THE    IIAGXBTK'  QUALITIES  OF  IKOX. 

Bv  Prof.  T.  Gray. 

[AIJSTKA<  T.] 

At  last  Christmas  meeting  of  the  Indiana  Academy  I  gave  a  brief  de- 
scription of  some  experiments  which  I  had  made  on  the  magnetic  quali- 
ties of  iron  and  of  the  results  I  had  obtained  in  these  experiments,  which 
were  of  a  preliminary  character.  The  general  principle  of  the  method  was 
to  deduce  the  magnetic  properties  of  the  iron  from  the  electro  magnetic 
inertia  of  a  circuit  composed  mainly  of  a  magnetizing  coil  surrounding 
the  iron.  This  electro-magnetic  inertia  is  evidenced  by  the  relative  values 
at  each  instant  of  the  impressed  e.  m.  f.  on,  and  the  current  flowing  through 
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the  circuit  when  one  or  both  of  theee  quantities  is  varying.  Since  that 
meeting  I  have  been  successful  in  making  use  of  an  autographic  device 
for  recording  the  variations  of  the  current  during  its  rise  from  zero  to  a 
maximum  immediately  after  the  circuit  is  closed  on  a  constant  battery. 
The  e.  m.  f.  is  in  this  case  constant,  and  the  variation  of  the  current  indi- 
cates the  electro-magnetic  inertia,  and  consequently,  magnetic  quality  of 
the  iron. 

The  autographic  apparatus  consists  of  a  modification  of  the  Thomson 
siphon  recorder,  used  for  submarine  telegraphy.  A  rectangular  coil  of  a 
few  turns  is  suspended  between  the  poles  of  a  powerful  electro-magnet 
which  is  separately  excited.  The  coil  is  made  to  form  part  of  the  electric 
circuit  containing  the  magnetizing  coil,  and  hence,  as  the  current  varies 
in  the  circuit,  the  coil  turns  between  the  poles  of  the  magnet.  A  long, 
glass  siphon  pen  records  the  motion  of  the  coil,  or  rather  its  position  at 
every  instant,  on  the  record  sheet  of  a  chronograph.  We  thus  get  a  curve 
of  which  the  abscissae  are  intervals  of  time  from  the  instant  of  closing 
the  circuit  and  the  ordinate  strength  of  the  current  at  the  end  of  these 

dc 


intervals  of  time.    This  curve  must  be  expressed  by  the  equation  _ 

dt 

RC^E  where  L  is  the  coefficient  of  electro  magnetic  inertia  of  the  cir- 
cuit, R  the  resistance,  C  the  current  and  E  the  impressed  e.  m.  f.  The 
product  RC  represents  the  e.  m.  f.  required  to  keep  a  constant  current  C 

flowing  through  the  circuit,  and  L— ^  represents  the  back  e.  m.  f.,  due  to 

dt 

dc 
self-induction.    We  may  put  the  equation  in  the  form  L-— :^e RC=-e 

or,  Ldc=^edt.  The  quantity  e  at  any  instant  is  the  difference  between  the 
ordinate  at  that  instant  and  the  maximim  ordinate  of  the  curve  when 
the  impressed  e.  m.  f.  curve  is  drawn  to  such  a  scale  as  to  coincide  with 
the  maximum  value  of  the  current  curve.  We  then  get  e  readily  from 
the  curve.  Also  edt  is  the  increase  of  induction  in  time  dt,  and  therefore 
the  area  included  between  the  current  curv«  and  the  e.  m.  f.  curve  up  to 
any  instant  gives,  when  multiplied  by  the  proper  constant,  the  total  in- 
duction up  to  that  instant.  These  dilTerent  inductions,  when  expressed 
graphically,  with  magneto-motive  forces  derived  from  the  strength  of  the 
current  and  the  proper  constants  of  the  maqrnetizing  coil  as  abscissse,  give 
the  ordinary  magnet i station  curve.  From  this  curve  the  permeability  of 
the  material,  the  dissipation  of  energy  in  cyclic  action,  and  so  forth,  can 
be  readily  derived  in  the  ordinary  way. 


271 
The  value  ©f  the  steam  pipe  within  the  smoke  box  of  a  locomotive,  as  a 

MEANS  OF  SUPERHEATIXCf.      By  Wm.  F.  M.  GosS. 

The  pipe  connection,  by  which  steam  is  conveyed  irom  the  boiler  to  the 
engines  of  an  ^^merican  locomotive,  begins  at  the  throttle  valve  within  the 
dome  of  the  boiler,  and  extends  forward  along  the  inside  of  the  boiler 
until  it  finally  passes  out  through  forward  head  into  the  smoke  box.  Here 
it  receives  a  fitting  known  as  the  "T-head,**  from  which  branch  pipes  lead- 
ing to  the  cylinders  on  either  side  of  the  machine.  The  T-head  and  the 
two  branch  pipes  are  exposed  to  the  temperature  of  the  smoke  box,  which, 
when  the  engine  is  in  action,  is  several  hundred  degrees  higher  than  the 
temperature  of  the  steam  within  the  pipes,  and  it  is  therefore  evident 
that  the  latter  must  receive  some  heat  from  the  smoke  box  in  its  passage 
through  these  pipes.  The  amount  of  heat  thus  transmitted,  however,  has 
always  been  a  matter  of  speculation. 

Designers  of  compound  locomotives  have  often  arranged  an  enlarged 
pipe  within  the  smoke  box  to  serve  in  the  double  capacity  of  receiver  and 
re- heater,  the  expectation  being  that  the  steam  exhausted  from  the  high 
pressure  cylinder  would  be  dried,  or  even  superheated,  by  its  passage 
through  this  pipe  in  its  course  to  the  lower  pressure  cylinder.  To  throw 
some  light  on  the  extent  of  the  drying  or  superheating  efiect,  as  well  as 
to  settle  another  question  at  issue,  the  following  experiment  was  made 
upon  the  Purdue  experimental  locomotive : 

A  thermometer  having  been  inserted  in  the  T-head,  another  in  the  mid- 
dle of  one  branch  of  the  steam  pipe,  and  a  third  in  the  saddle  close  to  the 
valve-box,  the  locomotive  was  run  with  the  throttle  partially  open,  the 
drop  in  pressure  from  the  boiler  to  the  pipe  being  sufficient  to  superheat 
all  of  the  steam  at  the  lower  pressure.  It  is  evident  that  a  change  in  the 
quality  of  the  steam  as  it  passed  from  one  thermometer  to  another  in  its 
course  to  the  cylinders  would  be  at  once  detected  by  a  change  of  tem- 
perature. 

The  conditions  of  the  test  were  maintained  for  half  an  hour  or  more  be- 
fore observations  were  taken,  after  which  time  the  thermometers  were 
read  and  other  observations  taken  simultaneously  at  five  minute  intervals 
for  a  second  half  hour.    The  following  is  a  summary  of  results : 

Smoke  box  temperature ' 700.    ^  F 

Increase  of  smoke  box  temperature  over  temperature  of  steam  in 

the  boiler 345.    **  F 

Temperature  in  T-head .S85.30°  F 


272 

Temperature  in  middle  of  steam  pipe 339.65°  F 

Temperature  in  saddle 327.87°  F 

Pressure  in  dry  pipe  by  gauge  •  •   •   - 70  lbs 

Temperature  of  saturated  steam  at  pressure  in  dry  pipe     ....  3I5.(>8°  F 
Approximate  time  occupied  by  the  steam  in  passing  the  steam 

pipe 0.1  seconds 

It  will  be  seen  that  the  temperature  of  the  steam  was  increased  4.4°  F  in 
passing  half  the  length  of  the  branch  pipe,  which  is  equivalent  to  a  gain 
of  8.8°  F  in  its  passage  through  the  whole  length  of  the  branch  pipe.  The 
transfer  of  a  quantity  of  heat  represented  by  this  increase  of  temperature 
would  affect  moist  steam  by  increasing  its  dryness  about  0.5  of  1  per  cent., 
an  amount  too  small  to  affect  the  efSciency  of  the  whole  machine  to  any 
measureable  extent. 

The  thermometer  in  the  saddle  indicated  a  temperature  of  9.4°  F  lower 
than  the  temperature  in  the  T-head,  and  18.2°  lower  than  the  presumable 
temperature  at  the  end  of  the  steam  pipe,  so  that,  from  the  T-head  to  the 
cylinder,  there  is  no  gain,  but  an  actual  loss  of  heat  by  the  steam.  This 
effect  is  to  be  accounted  for  in  the  fact  that  the  mean  temperature  within 
the  cylinders  is  much  lower  than  the  temperature  of  the  incoming  steam, 
which,  combined  with  the  effect  of  radiation  from  the  saddle,  operates  to 
lower  the  temperature  of  the  iron  which  surrounds  the  steam  in  its  pas- 
sage  through  the  saddle.  It  is  certainly  clear  that  the  cooling  effect  of  the 
saddle  more  than  offsets  the  gain  in  heating  effect  secured  from  the  smoke 
box. 

The  conditions  were  varied  and  all  of  the  work  repeated  several  times 
with  the  same  general  results.  The  figures  given  represent  the  test  giving 
the  greatest  heating  effect. 

Enlarging  the  pipes  within  the  smoke  box  would  have  a  beneficial  ei- 
fect  in  increasing  the  action  herein  considered,  since  it  would  add  to  the 
extent  of  heating  surface  and  lengthen  the  time  occupied  by  the  steam  in 
passing  the  same,  but,  as  a  practical  matter,  a  limit  to  such  enlargement 
is  soon  reached. 

As  affecting  the  reliability  of  results,  it  may  be  said  that  the  thermome- 
ters used  have  a  range  of  from  100  C  to  200  C  and  read  to  ^  of  a  degree. 
They  were  inserted  in  long  tubes,  and  at  the  T-head  and  at  the  middle  of 
the  steam  pipe  these  tubes  were  protected  by  allowing  steam  to  flow  past 
them  under  pressure  into  the  atmosphere.  Before  being  used  the  ther- 
mometers were  carefully  compared  when  in  the  identical  tubes  used  upon 
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the  locomotive  by  subjecting  them  to  saturated  steam  of  about  the  same 
temperature  as  that  recorded  in  the  experiment.  The  reading  of  one  was 
accepted  as  standard,  and  the  errors  of  the  other  two  determined. 


An  experimental  study  of  the  action  of  the  counterhalani  k  in  locomo 

TIVK  drive- WHEELS..    By  Wm.  F.  M.  G088. 

In  the  mechanism  of  the  locomotive,  the  mass  of  the  reci4>rocating  parts 
(piston,  piston  rods,  crosshead,  etc.)  is  balanced  to  a  greater  or  less  extent, 
by  the  addition  of  masses  to  the  drivers,  known  as  counterbalances.  But 
the  counterbalances  move  in  circular  paths,  so  that  it  is  only  the  horizon- 
tal component  of  the  radical  force  derived  from  them  that  serves  to  neu- 
tralize the  effect  of  the  reciprocating  parts ;  while  the  vertical  component 
of  these  counterbalances  is  an  unbalanced  force  causing  the  pressure  of 
the  drivers  on  the  rails  to  vary  with  every  revolution.  The  extent  of  the 
disturbing  effects  of  this  unbalanced  vertical  component  has  long  been 
a  question  of  serious  concern  to  the  locomotive  designer ;  but  in  this 
country,  at  least,  they  have  found  but  little  light  to  guide  them.  It  has 
been  difficult  to  ascertain  enough  of  the  conditions  existing  at  any  phase 
of  the  wheel's  motion  to  serve  as  a  basis  for  satis^ctory  mathematical 
work,  and  no  solution  has  as  yet  been  presented  which  will  enable  the 
designers  to  anticipate  effects  which  are  incident  to  the  action  of  the  com- 
pleted machine.  Practical  demonstrations,  however,  are  not  wanting. 
Bridges  are  shaken  until  they  fall,  and  rails  are  actually  crooked  under 
the  stresses  brought  upon  them  by  locomotives  passing  at  high  speed. 

It  occurred  to  the  writer  that  in  the  case  of  the  Purdue  experimental 
locomotive  a  study  could  be  made  of  the  extent  of  this  changing  pressure 
of  the  wheel  upon  the  rail,  by  feeding  a  wire  under  the  wheel  and  by 
making  use  of  the  resulting  variations  in  its  thickness.  This  was  first 
accomplished  last  spring,  but  the  most  satisfactory  results  have  been  ob- 
tained during  the  term  just  closed.  A  light  mark  made  with  a  cold  chisel 
across  the  face  of  the  wheel  leaves  its  impression  in  the  wire  and  furnishes 
the  desired  reference  point,  by  means  of  which  particular  effects  may  be 
connected  with  their  appropriate  wheel  positions. 

The  following,  concerning  one  of  the  rear  drivers,  may  be  of  interest: 

The  pressure  which  this  wheel  exerts  upon  the  rail  when  at  rest  is  7 
tons,  and  its  counterbalance,  reduced  to  the  radius  of  the  crank  pin,  weighs 

18 
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400  pounds  more  than  is  necessary  to  balance  the  revolving  weights  at  the 
crank  pin,  that  is,  so  far  as  vertical  effects  are  concerned,  the  wheel  is  4CX) 
pounds  oat  of  balance. 

Wires  which  have  passed  under  the  wheel  at  speeds  below  30  miles  do 
not  vary  greatly  in  thickness.  At  a  speed  of  59  miles  (333  rev.)  however, 
a  very  short  section  of  the  wire  is  left  entirely  round,  showing  clearly  that 
at  this  speed  there  is  an  instant  in  the  revolution  of  the  wheel  when  it 
exerts  absolutely  no  pressure  upon  the  rail,  and  making  it  fair  to  assume 
that  there  is  another  instant  when  it  exerts  double  the  pressure  it  trans- 
mits when  at  rest.  In  other  words,  in  half  a  revolution,  occupying  less 
than  a  fifth  of  a  second,  the  wheel  pressure  varies  from  nothing  to  14  tons. 
The  increment  of  the  pressure  is  really  naore  rapid  than  this,  for  it  is  found 
that  the  maximum  lift  occurs  after  the  counterbalance  has  passed  the 
vertical  by  a  considerable  angle.  During  the  upward  action  the  wheel 
lags  and  during  the  downward  action  there  is  a  corresponding  acceler- 
ation. 

For  speeds  above  59  miles  the  undamaged  portion  of  the  wire  is  longer. 
Thus  for  65  miles  it  is  about  45  inches,  showing  the  wheel  to  be  off  the 
rail  for  almost  a  rparter  of  a  revolution,  and  its  return  to  the  rail  is  corre- 
spondingly rapid.    The  destructive  effect  of  such  a  blow  is  enormous. 

Complete  wires  are  shown,  also  a  diagram  of  a  typical  wire  taken  at  05 
miles  in  which  the  vertical  scale  is  greatly  increased  and  the  horizontal 
scale  is  diminished  as  compared  with  the  actual  dimensions  of  the  wire. 
This  diagram  shows,  as  do  all  the  wires,  the  lagging  of  the  wheel  in  its 
upward  motion  and  the  rapidity  of  its  return  to  the  rail. 

In  addition  to  the  immediate  results  yielded,  this  experimental  investi- 
gation may  serve  as  a  means  to  a  more  complete  mathematical  analysis  of 
the  subject.  This  latter  phase  of  the  work  is  now  being  very  skillfully 
developed  by  Mr.  Daniel  Royse,  M.  M.  E.,  Junior  member  of  the  A.  S.  of 
M.  E.,  to  whom,  also,  I  am  indebted  for  numerical  results  derived  from  a 
study  of  many  wires. 
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